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PREFACE 


A program  of  fundamental  studies  of  the  properties, 
formation  and  reactions  of  hydrogen  peroxide  has  been  sponsored 
at  M.  I,  T.  since  1945  by  the  U.  S.  Navy,  Bureau  of  Ordnance, 
and  later  the  Office  of  Naval  Research.  For  some  time  It  has 
been  apparent  that  the  growth  of  basic  knowledge  of  this  oheml- 
oal,  as  well  as  the  development  of  various  praotloal  applications, 
would  be  furthered  by  a compilation  and  evaluation  In  the  form  of 
a monograph  of  the  solentlflo  and  teohnloal  knowledge  available. 

The  present  report  constitutes  Part  IV  (Chapters  9 - 12) 
of  suoh  a monograph.  The  remaining  parte  (I,  II  and  III)  bear  the 
Report  Numbers  42,  43  ^d  44.  Report  No.  42  was  Issued  Septem- 
ber 15,  1953,  and  Reports  43  and  44  will  ^8  issued  in  the  near 
future.  The  Table  of  Contents  presented  in  this  report  gives  a 
detailed  outline  of  the  material  prsEented  In  Part  IV. and .indicates 
the  contents  of  the  other  three  parts  by  listing  the  headings  of 
the  chapters  whioh  each  of  then  will  oontain. 

Literature  appearing  up  to  August  1,  1953  has  been 
consulted  in  the  preparation  of  Part  17  of  the  monograph.  It 
has  not  been  attempted  to  cite  every  reference  on  hydrogen  perox- 
ide, but  all  publications  which  appeared  to  the  authors  to  have 
some  present-day  usefulness  are  quoted.  Patents  have  been  treated 
in  the  same  fashion  as  other  publications  and  it  has  not  been 
attempted  to  prepare  an  exhaustive  list  of  them. 

Arrangements  have  been  made  for  this  monograph  sub- 
sequently to  be  published  in  book  form.  The  authors  will  appro- 
olate  errors  being  called  to  their  attention  or  receiving  the 
oomments  of  readers  on  the  material  presented. 


November  1,  1953 


Walter  C.  Sohumb 
Charles  N.  Satterfield 
Ralph  L.  Wentworth 
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CHAPTER  NINE 


STABIU12ATI0N 


It. has  been  well  establlshel  by  the  work  of  various 
investigators  that  pure  hydrogen  peroxide,  or  aqueous  solutions 
thereof,  In  the  absenod  of  opntamlnatlng  oatalysts  and  In  a 
thoroughly  clean  container  of  non-oatalytle  mateirlal,  Is  a very 
stable  fflaterial,  even  at  temperatures  of  PI*  flo)®®'That  higher 

J|jt  100®0.,  decomposition  to  the  extent  of  about  in  2^  hours 
_has\ been  observed  for  90  wt.  hydrogen  peros^lde  (1),  At  room 
temperature^,  90j(  un8tahlllsed  aqueous  solutlbne  have  been  kept 

months  with  less,  than  X%  deoyease  Tn  the  hydrhgah  "per-  ^ 
"'  -txids  Content the  -rats  of-  deoomptt-sAtiitttt-iaarmas*^^ 


mately.  l40®0.  fur  hydrogen  psroxlde--rs;pid- 
add  the  heIttTreleased  oauses  the  oonoentrVted' solution  to  boll. 
-Although  -as  stated,  the-rate  of  decompositlon^l  perfeotl^y'  pure-  — 
hydrogen  peroxide  In  very^ohcehtrated  solutions  (90  - 98ji)  is 
hnown  to  be  very  low,  the  attainment '^of  such  Ideal  oondltlons 
as  perfect  purity  and  the  absence  of  a.11  oatalytle  effects  frorj 
the  walls  of  the  oontalnlng  vessel  or  from  dissolved  or  suspended 
Impurities,  Is,  of  course,  practically  Impossible,  and  the  best 
available  data  on  the  Intrinsic  stability  of  hydrogen  peroxide 
must  be  considered  only  as  approximations  to  those  ideally  at- 
tainable. 


Representative  data,  obtained  with  high  quality  un- 
stablllzed  hydrogen  peroxide,  Indicate  a decomposition  rate  at 
50°C.  of  90^  hydrogen  peroxide  not  In  excess  of  0.0010  percent 
per  hour  and  possibly  significantly  lower  than  this.  In  the 
presence  of  a small  quantity  of  a stabilizer,  such  as  sodium 
stannate,  or  8-hydroxyqulnollne  pyrophosphate,  this  figure  may 
fall  to  the  order  of  magnitude  of  0.0003  percent  per  hour  at  50°C. 


' Te  correaponalng  value  at  30^C.  would  be  approximately  0.00006 
peroent/hour,  or  about  0.5^  per  year.  Careful  measuremente  on 
unstablllzed  hydrogen  peroxide  at  lower  concentrations,  obtained 
by  dilution  of  the  purest  available  concentrated  Bo3.utlona  with 
very  pure  water,  Indicate  that  the  percentage  decomposition 
rate  Increases  but  slightly  over  the  range  95  to  hydrogen 
peroxide.  However,  unless  the  dilution  water  1s  rigorously 
purified  and  great  care  exercised  In  the  dilution  procedure  to 
avoid. access  of  contaminants,  the  decomposition  rate  of  the 
diluted  material  may  show  a marked  Increase  over  that  of  the 
most  concentrated  aolutlona.*  " 

' A oonelderable  number  of  compounds,  both  organic 
and  inorganic,' have  been  recommended  as  stabilizers  to  be 
added- in  imall  amounts  tA_hy_(^pgen  peroxide  solutlone,  and 
a fiuabw  of  Tj.nv88tlgatlona-of  t-helr- comparative  effeotlvanesseB 
hays  been  reported  JJ,  7 K ^These  studies  are  dlsTcuie^d  a 
later  seotlonv  - / 

Solutions  of  85  - hydrogen  peroxide  are'  not  . 
seneltlve  to  agitation- or  to  mechanical  shobk-*’even  bullets 
shot  through  the  solution  have  failed  to  detonate  it.'** 

It  le  common  knowledge  that  the  decomposition  rate 
of  hydrogen  peroxide  is  markedly  Increased  by  the  presence  of 
minute  concentrations  of  certain  catalytic  ions,  particularly 
of  the  metals  the  ions  of  which  can  exist  In  more  than  one 
oxidation  state — such  as  Fe‘*''*’t  Or'*’ -or  by  suspended 


* For  example,  Olguere  and  Geoff rion  (2)  observed  that  when  $0% 
unstabilized  hydrogen  peroxide  was  diluted  with  redistilled  water 
the  solutions  so  obtained  Invariably  showed  a marked  tendency  to 
decompose,  eo  that  a small  quantity  of  sodium  stannate  had  to  be 
added  In  order  that  measurements  of  refractive  Index  of  the  solu- 
tions could  be  carried  out. 

**  The  explosive  characteristics  of  peroxide  solutions  and  of 
vapors  containing  hydrogen  peroxide  are  considered  in  Chap- 
ter 4. 
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or  colloidally  dleperaed  catalytic  matter,  or  by  the  walls  of 
the  container  If  they  contain  oatalytloally  active  subetanoes. 
This  latter  heterogeneous  decomposition  process  may  even  be 
induced  by  ugh  ^rfabes  or^he  pi^^sen'ce” of  mThu^”~Boratohea 
on  the  Inner  walls  of  a glass  container.  At  times  streams  of 
minute  oxygen  bubbles  may  be  observed  to  Issue  from  a tiny 
point  on  the  sur^faoe  of  the  oontalher,  which  even  under  the 
mloroaoope  reveals  no  Irregularity  or  difference  in  appearance 
from  the  rest  of  the  surface.  Hprlchelmer  (4)  studied  the 
. stability  of  dilute  hydrogen-perbx^e  solutions  In  glaas^  vessels  ' 
and  Concluded  the. t the  nature  of  the!  distilled  water  emplo^yed  and 
the  quality  of  the  glass  oontj'alner  were;  chief ly  respcnslble  for 
the  observed  results,  and  thq,t  'flth  glass  of  the  "highest  purity" 
""hbVFPeBervatlve  wat  re^^  at  lower  temperatures 


near  ^he' 


:^toog»n-  ggtegn 

■ hrown,  glaM^hffttleftfrJi^  glars|t-  *bbttl4s  .hbatsf  • i^th:.,: 

paraff  in,  was  studied  at  room  tbmperattilrPhp‘Ivahoy_ank_DMhljE^^^ 
jian  (5) , -among  others.  These  j|nveatlgators  found  that!  the  oon- 
Oentratlon  o^the  poroxld©  decreased  Ip.  a 4-months ' period  from 
an  original  2.93%  to  0i02Jj‘ In  |lear  glass,  to  0,48jd  in  bi'own 


glass  and  to  2,71%  In  parrafln-'-llned  glass,  either  clear  or 
brown.  The  alhalinlty  Imparted  to  the  solution. by  common  soda  ' 
glass,  together  wrth  any  roughness  of  the  glass  surfaces,  is 
doubtless  responsible  for  the  nearly  complete  decomposition  shown 
by  the  samples  in  the  uncoated  glass  veeeele. 


Paraffining  of  th-'  glaes  surface,  however,  is  not  a 
completely  satisfactory  preventive  for  decomposition  of  peroxide, 
especially  at  higher  concentrations  (6).  For  storage  of  hydrogen 
paroxlde  at  ordinary  temperatures,  the  use  of  paraffined  glass 
has  largely  been  superseded  by  bottles  of  polyethylene  plastlo, 
which  is  well  suited  for  this  purpose. 


determination  of  the  stability  of  hydrogen  peroxide  solutions 

Diraat  Analvais  of  Peroxide  Sample 

al.mpreflt“method  or Uetermlnlng-  t^^  rate  of-deoompo-- 
eltlon  of  a concentrated  aolutlon  of  hydrogen  peroxide  at  a 
given  temperature  la  to  analyze  the  solution,  ae  by  titration 

wltE  a standard  add  solution  of  potassium  permanganate,  at^ 

the  beginning  and  end  of  a measured  interval  of  time.  The 
reaction  InvolVd  in  the  analysis,  as.  pointed  out  in  Chapter  10,^ 
is- indicated  by  the\iec):^tion;-  ^ 


2Mn0]^  + SHgOg  ^ 


+.8H2O  + 5O2 


a method  gives  sati  sf  aotory  ■ res^  a , Ji  specially  dir  long* 


in  eoiifdentration  ooour.  ^n  etther  of.  thksft  .flajea,  e^b^i 

tlon  method  described  belotr  may  be  impraetloal.  For  predae  data 

Attention  muat  be  given  to-such  errors  a8_t.eBp_erature_varlatlpn  „ 
and  the  loss  of  hydrogen  peroxide  and  partleularly -water  from 
the  solution  by  evaporation.  For  example',  in  tests  at  sub-, 
stantlally  elevated  temperatures  it  is  desirable  to  surmount 
the  sample  vessel  with  a simple  air  or  water-oooled  condenser 
to  retain  water  and  hydrogen  peroxide  which  would  otherwlae  be 
carried  away  in  the  vapor  form  with  the  oxygen  evolved.  It  is 
also  possible  for  a sample  to  gain  water  from  the  surrounding 
air  if  the  latter  la  aufflolently  moist  and  the  hydrogen  per- 
oxide is  highly  concentrated.  For  further  details  of  the 
analytical  procedures  applicable  to  the  determination  of  hy- 
drogen peroxide,  see  Chapter  10. 

Qaa  Evolution  Method 

Another  method  of  measuring  the  decomposition  rate 
of  hydrogen  peroxide  which  has  proved  to  be  converlent  and 
reliable,  especially  for  laboratory  testing,  is  the  gaaoraetrlc 
or  gas  evolution  method,  carried  out  at  a temperature  selected 
so  as  to  provide  a satisfactory  volume  of  oxygen  gas  formed  in 
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a convenient  time  Interval  by  the  decompoaltion  reaction; 

ZHgOg  > ZHgO  + Og.  The  apparatus  (?)  employed  Is  represented 

In  Figure  1.  The  oxygen, Is  collected  In  a gas  buret  over  mercury* 
and  from  its  volume,  corrected  to  standard  conditions-,  the-amount 
of  decomposition  suffered  by  the  sample  of  hydrogen  peroxide  may 
be  calculated.  The  decomposition  rate,  so  determined,  may  be 
expressed  in  several  ways;  frequently  the  percent  of.  the  hydrogen 
peroxide  originally  present  In  the  solution  which  has  been 
deoomposed  per  hour  (or  day  of  year)  at  a known  temperature  la 

Oaloulate^d.__Thua  la^high  grade,  unatablllzed  90  wt^  ^ hydrogen 

-peroxide  solution  may  show  a decomposition  rate  at  50°0.|  of 
about' 0.0010  percent  hourV^y  which  statement  It „i,|S  implied 
that  p. 001^' Cf  the  number  of  mAleoulea  ^f  HaO^  origlhiall^^^  present 
1 ardepompoalT^^^'e^  If  the  raUr  iBrauffl^l^ntly:  , small  the 

'qtiih'tiicy:Iefcp»roxl'd'ffL»fia!P^^?gdns3^^ 

.oiMr  Jji  .lhe  ^saae  way.^  i -4^ 

'a/i;e0lihe'ill6Mo  "tKe ■ r^te  of ' 

the -content  of  hydrogen  peroxide  in-  an  originally  5P  wt*  solu-. 
tion  would  lead  in  1 hour  t o ji  s61t|tion  of  ^9»5%  ^2p2’  not-  . 

-to  49. oi  Hgpg.  Alternatively.,  the  number  of  co.  of  oxygen  gas 
(expreseed  at  standard  pressure  and  temperature)  evolved  per -gram 
or  per  co.  of  the  solution  during  a "speolfled  time,  auoh  as  24  or 
48  hours,  at  a speolfled  temperature,  usually  50° » 55° i 60°,  or 
1C0®C,  may  be  uSed  to  express  the  rate  of  decomposluion  of  the 
hydrogen  peroxide. 

It  la  worthy  of  note  that  the  graphical  representation 
of  decomposition  rate  data  for  different  hydrogen  peroxide  oon- 


* About  a milliliter  of  water  may  be  conveniently  placed  above 
the  mercury  in  the  buret,  so  as  to  permit  the  gas  oollected  to 
become  saturated  with  moisture  at  the  temperature  of  measure- 
ment. For  low  decomposition  rates  a mlcroburet  (preferably 
water-jacketed)  is  reguired  and  capillary  Pyrex  'tubing  connects 
the  sample  container  (placed  in  a thermostat  at  the  desired 
temperature)  with  the  buret;.  Measurements  are  usually  taken 
only  after  from  four  to  al-'icteen  hours'  standing,  In  order  that 
Buperaaturatlon  effects  may  be  rellevejd  and  so  that  consistent 
results  may  be  obtained  In  successive  determinations. 


1.  WOODEN  BOX  . , 

2.  GLASS  WOOL 

3. PYREX  JAR  - I2"0IAMETER 
4,10  ml.  MICRO  BURET  WITH 

WATER  JACKET 
5.PYREX  CAPILLARY  TUBING 
6,10/30  f GROUND  GLASS 
JOINTS 

7.  MANOMETER 


8.  250, ml.  FLASK  WITH  l4/35„ 
TOT^O^UWOISUASS  JOINT  ■ 

9.  MFRCURY  LEVELING  BULB 

10.  STEEL  ROD  FOR  SUPPORT 
OF  LEVELING  BULB 

I!.  RUBBER  TUBING 

12.  STIRRER  MOTOR 

13.  PLUNGER  TYPE  HEATER 

14.  MERCURY  REGULATOR 


15.  CONSTANT  LEVELLING 
DEVICE  FOR  bath 

I5q  TAP  WATER  INLET 
15b  WATER  INLET  TO  BATH 
I5c  OVERFLOW 
I5d  RUBBER  STOPPER  WITH 
VENT 

16.  PERFORATED  COPPER  PLATE 
FOR  SUPPORT  OF  FLASKS 

17.  THERMOMETER  (0-100*0 


FIGURE  1- APPARATUS  FOR  DETERMINATION  OF  DECOMPOSITION  RATE  BY  GAS 
EVOLUTION  METHOD 


oentratlons  by  these  two  alternative  methods  may  lead  to  curves 
of  different  forms.  Thus  when  decomposition  rate  Is  plotted 
against  coneentratlon  of  hydrogen  peroxide  the  second  method 
leads  fb“ar  curve  with  a flat  maximum r whlch-l-s  lacking  In  the  - 
plot  obtained  by  the  first  method  (7).  (See  Figure  2.) 


Blsousslon  of  Methods  for. Determining  Stability 


If  the  decomposition  rate  of  the  hydrogen  peroxide 
solution  1^  of  the  order  of  O.ljlf  par  hour  at  5O°0.,  or  greater, 
the  gas  evolution  method  beoones  Impraotloable,  madn^  beoaUse 
the  volume  of  gas  to^be  measured  increases  too  rapidly  to  be 
measured  oopveniently.  In  this  oase,  also,  the  o6noeihtratJ.on 
^ the  hydrogen  pej>oxide  solution^  no  longer  oan  be  considered 
tojremainTUndhanged- over^he  parlod-of^meaBurementT'  as-may—— 


-the  s "ao&etfhat  higher  temperature  for  the  "t^heriFr;f»4  - 

bath  may  be  advisable  In  order  that  the  volume  of  oxygen  ool- 

le“dtfwd'iTra“T^eBonablerperlod  of  tlme-may-not  he  too  shall  to 

be  nreaaured  with  acouraoy.~  For  hydrogen  peroxide  sampree  of  - 
average  stability,  temperatures  of  50®c.  or  60®C.  are  convenient. 
For  Industrial  research  purposes  an  accelerSted  test  at  100°0. 
for  24  hours  has  been  muoh  employed,  but  the  constancy  and 
reproducibility  of  measurements  carried  out  at  so  high  a tempera- 
ture may  be  found  to  be  somewtiat  Inferior  to  those  obtainable  at 
lower  temperatures.* 


Since  even  under  favorable  circumstances  reproducibility 
of  measurements  carried  out  in  different  flasks  Is  sometimes  diffi- 
cult to  attain,  due  to  the  oapriclous  character  of  some  of  the 


* German  Investigators  frequently  reported  a "Z  number"  (Zerpat z- 
unga-ahl^ . . which  was  the  percentage  of  the  peroxide  decomposed” 
In  a 24-hour  period  at  96  C.  It  Is  probable  that  this  tempera- 
ture represented  that  provided  by  a steam-bath  under  prevailing 
laboratory  conditions.  The  change  in  the  percentage  oomposltlon 
of  the  peroxide  solution  In  this  case  was  determined  by  titration 
of  samples  with  permanganate  solution  at  the  beginning  and  at  the 
end  of  the  test  period. 


RATF  OF  DECOMPOSITI 
' WT.  PERCENT  PEI 


BBH 


& “PERCENT  DEGOMPOSITION  PER  HR.  AT  SO*C 
. 0-CC  OF  Oa  EVOLVED  PER  SRAM  OF  SOUytlON- 
. PER  HR.  AT  50"C 


0 

' ■ " ' C0NC^'!NTRAT10N  {WT.  PERCENT  HaOa) 

FIGURE^2  - alternative  l^klHODS^ of  rei^re^nttn^^  data  on 
^ . pkCONIPQRlT.lQN  OF  hydrogen  PEROXIDE  - 


Ofe ife io to ^3 ^70  80  90  100 

WT.  % HiOa 

figure  3-rate  of  decomposition  of  H.O.  AT  SO'C  AS  A FUNCTION  OF  CONCENTRATION 
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errors  which  may  be  encountered,  It  is  essential  that  a sufficient 
number  of  duplicate  samples  be  employed  In  carrying  out  measure- 
ments  of  decomposition  rate  to  furnleh  rel^abl^ average  values. 

As  carried  out  under  usual  labcratory  conditions  the 
effect  of  diffuse  daylight  upon  the  deobmposltlon  rate  of  hydrogen 
peroxide  solutions  Is  small  enough  to  introduce  no  significant 
error  Into  the  res^ults  obtained.  If  comparative  measurements  are 
to  be  carried  out  under  o<|ndltlons  of  .Illumination  which  are 
variable  In  Intensity  or  frequency,  this  situation  may  Introduce  . 
an -appreciable  source  of  error,  especially  if  frequenolee  in  the 
ultraviolet  range  kre  Involved  in  some  of  the  experiments.-  Pro-’ 
■vision  has-been~made  l|ji  eome  oases  !f or  carrying  iOuVthe  measurs- 


V'.  - 


mente  iHlth  cnmpleta"e^plu^|on  of  l:lght7A:T^Tha^e8Ults";ofnnp;w 
mehfs^Q^^lgefpate  :ef  qf  .MMahillee^^ 

-8olu-tldftft:t;jtt-j9^6^-ft.e  shewn  'griiroh- 

Ually 


ii.. 


As  above  indicate,  where  the  deoompoeltlon  rate  is  too 
hlgh”^  be.  meawred'aeeuratieljr  by  the  gas^e vc  lut  Ion  method , "the  “ 
titration  method  ma|y  still  be  employed.  For  example,  starting  with 
a sample  of  known  weight  and  concentration  of  hydrogen  peroxide,' 
held  at  a constant  temperature,  portions  may  be  withdrawn  after 
measured  Intervals  of  time,  rapidly  welghedj^  jind  then_lm^^ately 
frozen  in  a Dry  Ice-aoetone  bath  so  as  to  reduce  the  decomposition 
rate  to  a negligibly  small  value.  The  test  portions  may  then  be 
trane;.*erred  Individually  to  a volumetric  flask,  and  after  making 
up  to  the  mark,  portions  of  the  diluted  solution  may  be  taken  for 
titration  with  standard  permanganate  solution  In  the  presence  of 
sulfuric  acid.  From  these  data  the  loss  of  active  oxygen  may  be 
calculated. 

Alternatively,  the  original  sample  may  be  divided  among 
a number  of  small  Pyrex  or  quartz  tubes  (each  containing,  for  ex- 
ample, about  1 ml.  of  solution,  accurately  weighed),  provided  with 


* The  protective  action  of  colored  glass  vessels  as  containers  for 
dilute  and  concentrated  hydrogen  peroxide  has  been  discussed  by 
Buchl  and  Kurer  (8). 


;1 
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f;  round-glasB  oapB  and  capillary  vent  tubes.  The  tubes  are 
'.withdrawn  at  various  times,  one  by  one,  from  the  constant 
temperature-bath.—  Each  la- chilled -and  the  hydrogen  peroxide 
content  determined  by  titration  as  before.  Knowing  the  quantity 
of  hydrogen  peroxide  present  in  the  original  sample,  and  assuming 
that  the  initial  decomposition  rate  in  each  of  the  small  tubes 
was  identical,  the  titration  data  make  possible  the  calculation 
of  the  rate  constant  for  the  daoompoaition  reaction  under  the 
oonditionsTof  the  rexp'arlment.  __  _ 


; ' Another  technique  is  to  contain  the  sample  in  a small 

tube  provided  with'' a cap  having  a ternilnal  length  of  eapHlaryi  ' 

• V,  ' . - - ■ 

This  acts  _as  an  alr-oondena^-r  to  remove  water  qr-posslbly  also  ■ 
hydrogen  peroxide  yapor  whib^wbuldlblth'eiTwile”  esa^ 


ra»»iet¥  of 


'^tiobe  plus  cap  'bef  ore'  and  .af'tirr|lTf-:exper4meuit:,.^^^j^^ 
rate  of  hydrogen  peroxide  decomposition  can  be 'Paloulated. 


1 


Where  the  decomposition  la  conveniently  "slow,  the~ 
gas  evplutiqrif  method  may  ’alsl>  be  modified  eo  ae  to  observe  the 
change  in  preasure  of_ the  oxygen  produced  at  opnetant  gas  volume. 
In  this  case  a manometer  takes  the  place  of  the  gae  buret  and  a . 
ievellng  device  is  used  to  bring  the  confining  liquid  in  the 


manometer  always  to  the  same  point  in  the  arm  directly  attached 
to  the  sample  tube.  Experience  with  this  arrangement  hae  re> 
vealed  little  advantage  over  the  more  conventional,  constant 
preeaure  method;  and  at  higher  decomposition  rates  it  likewise 
becomes  impracticable.  “ 


The  gasometrlo  determination  of  the  decomposition 
rate  of  hydrogen  peroxide  lends  Itself  to  a certain  degree  of 
instrumental  automatic  control,  to  lessen  the  number  of  manual 
and  visual  operations  required,  aspeolally  where  a large  number 
of  determinations  is  required.  Suoh  instrumentation,  however, 
la  hardly  Justified  unless  a routine  program  of  considerable 
magnitude  and  duration  is  Involved. 
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other  attempts  to  simplify  the  determination  of  the 
hydrogen  peroxide  content  of  aqueous  solutions  have  Involvei? 
the  measurement  of  physical  properties,  such  as  the  refractive 
Index  and  the  density  of  such  solutions.  If  the  solution  Is  Itnown 
to  contain  essentially  nothing  but  hydrogen  peroxide  and  water, 
and  If  t!^e  temperature  of  the  solution  Is  carefully  controlled, 

-■’I'  VI,-  - . ■ 

accurate' measurement  of  Jshe  refractive  index  or  of  the  density 
of  the  solution  may  be  used  as  a method  of  determining  the  con- 
oentratlon  of  the  peroxide  (9). 


eppeot  on  stability  op  snrpaoe-to-volume  ratio  . 

- AND'NATimErOP  SURPAOES,  ...  - 

.Surf ace-te-Voluffie  Ratio  _ ii^ 


1Jag^i;g.Mi.entr~dgprtidr;tm.t:'-lh^Py^ 


. lahepatopy,^Boale-at„  JO”Q.».Jaaye- -ehojm-that-th.e-  de-comi|»sltajit  ,;j^at^^^^ 
of  eedt^ioniS  uhdeir 


roughly  proportional  to  the  ratio  of  eurfaioe-to  >61um'e  overTa 
^qneideral^le  range,*  1.  a. , the  h^terogenqp.^f^de.o.O|fipoel;tlon-'reaot^^^^^ 

ojfi  the  iralle’  of  the  oontalner  ie  usually  far  .faeter._than  the  

homogeneoue  decomposition,,  in  laboratory-size  ve, seels. 


In  Figure  4^,  which  represents  the  reevilte  of  experimente 
oarried  out  on  unetabilized,  90^  hydrogen  peroxide,  under  oondl- 
tlone  permitting  a six-fold  variation  In  the  surface -to -volume 
ratio,  It  is  clear  that,  whereas  the  curve  is  roughly  linear  in 
the  higher  ranges  of  e/v,  it  flattens  out  at  lower  ratios  to  an 
approximately  oonetant  value,  approaching  0,001  percent  per  hour 
at  50‘^C.  In  the  Ideal  case,  where  no  dissolved  or  solid  catalysts 
were  present,  this  lower  limit  should  represent  the  value  of  the 
homogeneous  deoorapoeltlon  reaction  rate  of  a pure  hydrogen  per- 
oxide solution,  below  which  it  cannot  be  hoped  to  go  at  the  tem- 
perature specified.  There  le  reason  to  believe  that  under  con- 
ditions for  which  the  s/v  ratio  is  small  (as  In  a large  storage 
tank),  this  limiting  value  approaches  zero.  In  any  actual  case, 
where  some  heterogeneous  catalytic  activity  Is  to  bo  expected, 


the  minimum  value  will  exceed  the  true  homogeneous  reaction 
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rate.*  The  curve  as  a whole  would  be  displaced  downward  In 
the  presence  of  stabilizers;  as  previously  Indicated,  minimum 
decomposltlbh  rates  at  least  as  low  as  0,0003  percent' 

per  hr.  have  been  observed.  These  represent  more  closely  the  

actual  value  of  the  homogeneous  decomposition  rate  for  a pure 
hydrogen  peroxide  solution  (90^)  at  this  temperature.  In  the 
Case  of  the  curve  shown,  small  amounts  of  catalytic  impurities 
picked  up  In  the  laboratory  handling  of  the  samples  were  no 
doubt  responsible  for  a minimum  reading  as  large  as  O.OOl^f  per  hr. 

V - • - ■ 

In  the  Ideal  case  of  complete  purity  of  the  solutions, 
it  is  not  unreasonable  to  expect  that  the. intersection  of  the 

curve  with  the  ordinate  axis  may  come  close  to  the  orJ.gln. 

■ / . . " ■ ■ ■■  ■ ' 

■-The  8urfaoe"Of  Storag.6  Obntainers  “'j; 

gommon  sodA  gla^s  oon-talne-x^ -re4eaTe  a-su-f-floieht  .^amount 
of  alkali  to  hydrogyln  peroxlie  solutions  oontaine.d  therein,  tp  - ■ 

If  i!  . • ■ ,/ 

render  them  quite  unsuitable  for~stdrage  purposes  unless  V" 
stabilizers  are  added.  When  the  helerogeneous  decompositi^ 
reaction  has  been  eliminated  aS  far’ as  possible,  there  remsins 
the  homogeneous  decomposition  reaction,  the  rate  of  whioh,  ;|as 
stated,  is  known  to  be  exceedingly  low  at  ordinary  temperatures 
for  the  purest  obtainable  samples,  but  is  very  sensitive  to  the 
effect  of  various  catalytic  dissolved  Bubstanoee,  and  to  the 
acidity  or  alkallnltj  of  the  solution.** 


* It  is  of  interest  to  locate  on  Figure  4 the  values  of 
the  abscissa  whioh  correspond  approximately  to  some  common 
laboratory  vessels  in  whioh  stability  measurements  are  made. 

The  ratio  of  surface  to  volume  for  a sphere  of  radius  r is  equal 
to  3/r,  and  for  a circular  cylinder  is  2/r  (if  the  area  of  the 
enda  is  neglected).  The  figure  locates  s/v  values  corresponding 
to  circular  cylinders  of  1.6  cm  (test  tube)  and  5 cm. (beaker) 
in  diameter,  and  a 3 diameter  sphere  (flask). 

**  At  least  as  early  as  189^  it  was  pointed  out  by 
Wolffensteln  (10)  that  a solution  of  hydrogen  peroxide,  free  from 
alkali  or  traces  of  heavy  metal  compounds,  possesses  a considerable 
degree  of  stability  and  that  it  may  be  distilled  and  concentrated 
without  appreciable  loss  by  decomposition.  This  stability  of 
pure  hydrogen  peroxide  was  appreciated  by  still  earlier  workers, 
as  far  back  as  Thenard. 


^,4. 


Pyrex  glaaa  haa  been  found  suitable  as  a container 
rnaterlal,  after  a thorough  oleanslng  with  concentrated  nitric 
acid,  followed  by  rinsing  and  leaching  with  hot  conductivity 
water.  Pure  metallio  aluminum,  tin,  magnesium,  or  certain 
magnealum-alumlnum  alloys,  and  certain  stainless  steels  have 
a minimum  catalytic  effect  on  the  decomposition  process,  and 
are  of  Interest  as  materials  of  construotlon  for  storage  tanks 
for  hydrogen  peroxide  (see  Chiipter  4) . 

In  the  case  of  metallic  aluminum,  the  effect  of  im- 
purities in  the  metal  may  be  seen  In  the  fact  Athat  the  rate  of 
decomposition  Of  hydrogen  peroxide  at  30  whs  doubled  when 
99*0^  aluminum  was  substituted  for  the  pure  metal  ' as  the  con- 
tainer. As  little  as  half  of  1 percent  of  Impurities.  In  the 
-;metal  oauBiee'-a^  distinct  r-tse-  1,-n  the-deoomposltlon  rate  of„^dro- 
gen  peroxide."  '^e  P^^eas  oi~“anodIsXng~1jhe^ 

In  a more  perf  ect  oolSihg  of  the  gffir^&ce  with  alumtnum-oj^^, 
followed  by -heating  with  water  to  seal  the  pores,  results  1ft  aft 
Improvement  In  the  behavior  of  the  metal  as  a oontalner  for  hy- 
drogen peroxide  solutions.  However,  this  process  IS  not  oon- 
venlently  applicable  to  the  conditioning  of  large-scale  storage, 
tanks.  A satisfactory  condition  of  the  aluminum  inner  surface 
of  large  storage  tanks  may  be  attained  by  filling  the  oontalner 
with  1:1  concentrated  nitric  acid  (sometimes  preceded  with  a 
preliminary  soaking  in  caustic  soda  solution) , whereby  the  metal 
is  "passivated"  through  the  formation  of  an  adherent  oxide  film. 

On  a smaller  scale,  certain  plastics,  such  as  polyethy- 
lene, also  have  been  employed  for  storage.  When  used  alone,  such 
containers  have  shown  satisfactory  performance  at  room  temperature. 
At  temperatures  appreciably  higher  than  this  diffusion  of  the 
liquid  through  the  plastic  may  render  this  material  unsuitable 
for  the  purpose. 

Coatings  of  various  resistant  substancee  have  been 
applied  to  the  walls  of  metal  containers,  but  the  danger  here 
lies  In  the  possibility  of  poxes  or  flesures  In  the  coating, 
with  the  resulting;  danger  of  contact  of  the  hydrogen  peroxide 
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with  the  underlying  metal.  Dacompoaltlon  of  the  hydrogen  per- 
oxide then  oausee  the  coating  to  be  stripped  off.  Even  a con- 
tinuous plastlo  ooatlng  Is  unsatisfactory,  since  It  may  be 
permeable  to  hydrogen  peroxide  diffusion,  and  may  slowly  be-  “ 
come  stripped  off  by  the  seune  mechanlam.  

The  Importanoe  of  the  surface  condition  of  the  contain- 
ing vessel,  In  Its  effect  upon  the  stability  of  hydrogen  peroxide  ^ 
solutions  contained  therein,  oan  be  seen  not  only  In  the  fact  that 

under  most  circumstances  the  heterogeneous  decomposition  of  the  __  i 

peroxide  Is  responsible  In^ery  large  part  for  the  extent  of  ^ 

decomposition  observedT,  but  also  by  the  ability  of  certain  metals,  | 

otherwise  oatalytically  active,  to  assume  an  Inactive  or  passive  I 

state  toward  hydrogen  peroxide  solution  when  suitably  oondltloned.  * s 

Cetalllc"ll^r-'^>ji^)^MT  bf^ 

passivated -by  Immersion  . -In  oono entrap ed  hi  trio  acid,,  and- then 
cautiously  rlna.ed  with  distilled  water,  bau ess  no  visible  deoOttposi- ' 1 
tlon  of  even  9 0H(  hydrogen  peroxide  when  lowered  Into  the  peroxide  3 
eolutlon.  However,  onoe  t|is  passive  ooatlng  has  been  abraded,  at  a 
given  spot,  activity  is  rapidly  re  stored  over  the  entire  surfapdi,,  - 

so  that  contact  iflth  oonbentrated  hydrogen  peroxide  solution  lB\no 
longer  possible  without  Immediate  vigorous  deoomposltlon  of  the 
hydrogen  peroxide.  

In  a similar  fashion,  passivation  of  the  iron  by  immersion 
in  a dilute  solution  of  a soluble  bichromate,  followed  by  careful  V 
rinsing,  brings  about  passivation  of  the  iron,  so  that  it  fails  tu 
afreet  noticeably  the  decomposition  rate  of  hydrogen  peroxide  with 
which  it  may  have  been  brought  into  contact,  even  after  many  hours. 
Abrasion  of  the  surface  film  of  the  iron,  passivated  by  this  weans, 
renders  active  only  that  part  of  the  surface  which  has  been 
scratched  through — the  remaining  surface  maintaining  its  passive 
condition.  It  may  be  inferred  from  this  result  that  the  chemi- 
sorbed chromate  groups  covering  the  surface  of  the  passivated 
metal  are  oriented  in  such  a manner  as  to  present  to  the  solution 
an  essentially  continuous  layer  of  oxygen  atoms,  which  screen  the 
underlying  chromium  from  direct  contact  with  the  hydrogen  peroxide 
solution. 


Further  aepeets  of  the  compiitiblllty  of  hydrogen  per- 
oxide solutions  with  various  materials  of  construction  are  con- 
sidered in  Chapter  M-,  - 


STABILITY  OF  CONCENTRATED  HYDROGEN  PEROXIDE 

In  considering  the  available  stability  data  on  very 
concentrated,  solutions  of  hydrogen  peroxide,  it  is  of  interest 
to  recall  the  careful  quantitative  studies  of  various  physical 
properties  of  such  Bolutlons,  as  well  as  of  pure  hydrogen  per- 
oxide carried  out  by  Maas a and  oo-workere  (11)  which  were  pos- 
sible only  because  of  the  high  degree  of  stability,  of  this  sub-..'  ^ 
stance  in  the  absence  of  contaminants.  Regnault  and  LeNoir  de 
Oarian  (12)  also  prepared  hydrogen  peroxide  of  a sufficient  degree 
‘of- MOjI-  ."iiftteit Afii” W 


oomeroial;^?100  to  130--volume"  material  to  aboyit  6 Qjt.f  hydro  gen  peg^ 
oxide,  followed  by  fractional"  distillation  in  Pyrex  apparatus. 

\kore  recently  Shanley  and  Greenspan  (1)  reported  the 
following  ilata  on  the  rates  of  decompoeition  of  90^  unstabilised 
hydrogen  peroxide  at  temperatures  ranging  from  30°  to  140°C. ; 
at  30°,  IJ^  per  year;  at  66°,  1%  per  week;  at  100°,  2%  per  hour; 
at  140°,  rapid  decompoeition  with  boiling.  They  pointed  out  that 
no  attainable  preesure  has  any  noticeable  effect  upon  the  rate  of 
decomposition,  and  that  probably  the  only  additive  which  actually 
decreases  the  rate  of  decomposition  In  the  homogeneous  uncataly?.ed 
reaction  la  the  hydrogen  ion,  as  Indicated  in  the  equation; 

HOOH  — +0DH~*,  for  which  the  equilibrium  constant  was  given 
by  Evans  and  Url  (3)  ae  K 2.24  x 10"'^^at  25°C,  There  is  some 
reason  to  question  the  complete  validity  of  this  interpretation 
of  the  effect  of  hydrogen  ion,  as  will  be  made  evident  by  the 
dlsouaslon  presented  in  a later  eeotlon  (p.  34).  However,  this 
interpretation  of  the  effect  of  added  hydrogen  ion  is  in  line 
with  the  assumption  that  addition  of  stabilizers  in  general 
serves  to  nullify  the  influence  of  catalysts  which  may  be  present 
in  the  solution,  since  it  is  well  known  that  in  the  presence  of  an 
excess  of  OH  ion  the  stability  of  hydrogen  peroxide  declines  rapidly 
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EP’FEOTS  OF  CATALYTIC!  IMPURITIES  ON  STABILITY 

The  eYfects  of  the  addition  of  email  proportions  of 
various  metal  lone  are  shown  In  Table  1. 

TABLE  1 

EFFECT  OF  ADDED  IONS  ON  THE  DECOMPOSITION  RATE 
OF  CONCENTRATED  HYDROOEN  PEROXIDE, 

FROM  SHANLEY  AND  OREENSPAN  (1) 


Added 

Ion 

Amount  Added, 
mg./l  , 

Original 
Active  0 Lost  . 
in  24  hr.  at  100?C. 

None 

Z 

Ai;*  + + ^ - 

10. 

Z . i!' 

Snt+  + -^ 

10. 

-Z  - ■ j 

^ Znt  ^ . 

- _10.  , .. 

, . ...JL 

H.0 

^ -^15-- 

- - 

0,01 

24 

0.1 

0.1 

96_ 

The  effect  of  variation  of  the  quantity  of  oatelyst 
present  (for  example,  ouprlo  ion  in  Table  1)  upon  the  rate  of 
deoomposltion  of  a fixed  amount  of  hydrogen  peroxide  is,  as  would 
be  expected,  to  bring  about  an  Increase  In  the  rate  of  decomposi- 
tion as  the  concentration  of  catalyst  is  increased. 

As  a rule,  metals  are  less  active  catalysts  than  their 
oxides.  For  example,  bright  copper  may  have  an  inappreciable 
effect  upon  the  stability  of  concentrated  solutions  of  hydrogen 
peroxide  for  a time,  but  as  soon  as  its  surface  acquires  a minimal 
coating  of  oxide,  a rapidly  increasing  rate  of  decomposition  is 
observed.  Oxides  of  certain  metals  are  among  the  commonest  deoompo- 
sltion catalysts  for  hydrogen  peroxide.  Oxides  suoh  as  AggO, 

MnOg,  PbO,  and  Pb^O^^  react  intensely  with  concentrated  hydrogen 
peroxide.  Oxides  of  certain  other  metals,  suoh  as  aluminum,  tin, 
sine,  or  cadmium,  have  no  appreciable  catalytic  effect  upon  the 
rate  of  decomposition  of  hydrogen  peroxide,  and  may  indeed  serve 
as  stabilizing  agents.  It  is  obvious  that  the  fineness  of  division 
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or  the  solid  pai’tlolea  and  the  ooriaequent  surfatie  exposed  have 
a controlling  Influence  upon  the  observed  reaction  rate,  as 
have  the  purity  and  the  surface  configuration  of  the  solid. 
(Catalytic  decomposition  of  hydrogen  peroxide  Is  considered 
In  more  detail  In  Chapter  8.) 

In  addition  to  the  temperature  and  concentration  of 
the  solution  of  hydrogen  peroxide  and  the  presence  of  catalytic 
Impurltiee,  other  factors  as  previously  Indicated,  bear  upon  the 
observed  rate  of  decomposition.  Including  the  pH  of  the  solution- 
considered  In  greater  detail  below;  the  wall  effect  of  the  oon- 
..talnlng  vessel,  Including  the  surface-to-volume  ratio;  and  the 
effect  of  radiant  energy,  suoh  as  ultraviolet  light:  When 

samples  of  90J?  unatablllzed  hydrogen  peroxide,  contained  In 
—gias  s - veB:se.is.i-;£aJj:Jiliuffllnat  edJhy...dlri  0 t-aunlight»„th 
undergo  iideoempesltion  to_  the  extent  of  about  ljt:p:^.-^y^  - 

room  teiiiperature;  and  - proport  lonally  !hlgher  percentage  deoompo- 
_ eltlon  Is  possible  by  exposure  to  more  intense  Illumination, 
Conceivably  an  effect  of  agitation  of  the  solution  also  might' be 
anticipated,  but  over  a wide  range  no  such  effect  has  been  noted. 
Shaking  a solution  of  hydrogen  peroxide  may  cause  bubbling  to 
occur,  due  to  the  release  of  supersaturation  with  oxygen;  but 

^thls  result  Is  not  due  to  an-lnorease  in  the  decomposition  rate 

of  the  hydrogen  peroxide. 

In  this  connection  it  should  be  pointed  out  that,  al- 
though lOOJ?  pure  hydrogen  peroxide,  free  of  all  admixtures,  has 
been  described  as  sufficiently  stable  at  ordinary  temperatures 
as  to  resist  shock  and  projectiles,  mixtures  with  fuels,  suoh  as 
alcohols,  may  be  explosive.* 

Mixed  Catalysts 

An  Interesting  aspeot  of  the  catalytic  decomposition 
of  hydrogen  peroxide  Is  concerned  with  the  effect  of  mixed  cat- 
alysts,,' In  the  case  of  solid  catalysts  containing  certain  mlx- 


* For  further  details  on  the  explosive  characteristics  of  hydro- 
gen peroxide  see  Chapter  4. 
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turee  of  oo-preclpltated  hydroxides,  it  has  been  observed  that 
the  effeot  of  the  mixture  was  In  some  cases  much  greater  than 
the  sum  of  the  effects  of  the  oxides  when  applied  separately. 
Likewise,  if  to  a sample  of  90J?  uhstabillzed  hydrogen  peroxide 
a fer^*lo  salt  solution  is  added,  equivalent  in  the  final  solu- 
tion to  0.1  p.p.m.  Fe'"*’"*',  and  if,  similarly,  addition  1s  made 
of  a cupric  salt  supplying  0.1  p.p.m.  of  Cu'^'^,  the  observed  rate 
of  decomposition  of  the  peroxide  at  some  fixed  temperature  will 
be  found  to  great ly>  exceed  the  combined  rates  of  decomposition 
of  the  same  hydrogen  peroxide  solutl^  when  singly  oat^yzed 
with  the  resjjectlvo  oontaminahts  under  like  conditions.  This' 
behavior  is  Shewn  in  Figure  Other  pairs  of  catalytic  agents 
may  show  similar  results,  but  the  effect  is  not  invariably  ob- , 
aerviied;  as,  for  example,  in  the  case  of  the  addltlon  of  ^ 
.p.t_e!klt  a -Bupplylrig  f erric,  and-atlve^. -dona,  wher ® -no  -add-i-MonSL ^ 


lficrWai%  IB  the  ials.  of  :datooinpoalt3iih 
separata  effects,  was  oheeji^ved.  :i 


abov-e  the - sum.  of^  tlur 


In  a study  of  the  oatalytio;'  effect  of  v^ious  simple 
metal  ositlons  upori  the  deoomposltlon  of  hydrogen  peroxide,  Url  (15) 
observed  that  the  presence  of  ohlbridit  ion  with  these 'metal  cations 

U 

resulted  in  an  increase  in  the  rate  of  decomposition  to  about  forty 
times  the  original  value.  In  this  case  the  promotional  effeot  is 
therefore  brought ^bout  by  ^dditlou  of  an  anlon^,^ather^haM  a ’ 
second  cation.  The  interpretation  suggested  by  Uri  assumes  the 
mechanism  to  be  of  the  free  radical  chain  type. 

Periodic  Oatalytle  Decomposition 

It  is  also  noteworthy  that  the  catalytic  decomposition 
of  hydrogen  peroxide  in  moderately  dilute  solution  (of  the  order 
of  1 to  10  wt.  % hydrogen  peroxide),  and  within  a certain  range 
of  pH,  in  the  presence  of  meroury,  is  subjeoc  to  a remarkable 
periodicity,  resulting  In  a rythmic,  pulsating  evolution  of  oxy- 
gen alternating  with  periods  of  practical  cessation  of  gas  evolu- 
tion. The  first  observations,  reported  by  Bredlg  and  Welnmayr  (16), 
were  made  upon  a hydrogen  peroxide  solution  kept  in  contact  with 
mercury,  samples  being  titrated  at  regular  intervals  with  potassium 
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FIGURE  5 - EFFECT  OF  MIXED  CATALYST  ON 
DECOMPOSITION  RATE  OF  90%  HYDROGEN  PEROXIDE 


permanganate.  The  titration  curve  indicated  a periodic  decomposi- 
tion of  the  hydrogen  peroxide.  A simple  observation  of  this 
phenomenon  is  possible  by  covering  about  1 ml.  of  mercury  in  a 
tube  with  about  10  ml.  of  10%  hydrogen  peroxide.  Under  favorable 
Conditions  the  peflodlo  evolution  of  clouds  Of  small  bubbles  of 
oxygen  Is  strikingly  evident.'  However,  the  presence  or  absence 
of  minute  quantities  of  other  substances  may  have  an  important 
, effect  upon  the  appearance  of  the  periodic  effect.  Thus,  addl- 
tlon  of  alkali  to  the  extent  of  0,0001  to  0.001  M in  concentra- 
tion was  found  to  be  most  favorable,  while  sodium  chloride  at  a 
dilution  of  2 X 10“^  N had  an  Inhlbitive  effect.  If  carried  out 
In  common  soft  glass  vessels,  a sufficient  degree  of  alkalinity 
may  be,  attained. by  allowing  the  solution  to  stand  therein  for, 
several  hours  prior  to  the  onset  of  the  pulsations. 

" • VitoiAntropof  f ■ (17)  and  Fredenhagen  (18)  studied  the 

■ '■-perlddi  6 "Cat  aiysl  ft 'in  •■gre-at6r-dfrt'oii"*”Hnd~  concluded-- 

ft#  eaia^t'  #iim,  pe-nftaiwUiy  ftoyey-ing,  tfeii  ser.ftia'y 
and  aiternateiy  redlssolvlng,  was  reisponslble  for  the  phenomenon, 
which  Is  also  described  by  Hedges  and  Myers  (19)  in  a monograph 
devote|d  to  physlcobchemical  periodloltyj'of  various  types.;;  ; These 
authors  describe  other  oases  of  oatalysis  of  the . decomposition  of 
hydrogen'  peroxide  which  under  suitable  oonditioh^^may  exhibits 
periodicity.  Among  these  Is  the  Interesting  case  of  periodicity 
In  a homogeneous  system,  as  reported  by  Bray  (20),  who  studied — 
the  deoomposltion  of  hydrogen  peroxide  by  Iodine.  The  decomposi- 
tion reaction  Is  catalyzed  by  Iodine  and  iodic  aold,  which  enter 
Into  such  reaotions  as  are  indicated  In  the  following  equations: 

5H2O2  -I-  I2  — > ZHIO^  + 4H2O 

and  5H2O2+  2HI0^  >502  + 12"^  ^^2°' 

In  the  presence  of  certain  concentrations  of  sulfuric  aold  the 
solution  Is  observed  to  become  periodically  darkened  by  the  setting 
free  of  Iodine,  and  oxygen  slowly  diffuses  out  of  the  solution. 
Although  this  case  Is  reported  as  one  of  the  few  Instances  of 
periodicity  observed  In  a homogeneous  solution.  It  Is  also  possible 
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thp.t  the  process  may  be  subject  to  control  by  surface  conditions, 
such  as  arise  from  the  part  played  by  the  walls  of  the  containing 
vessel;  ■■  - ■ - 


EFFECT  OF  TEMPERATURE  UPON  STABILITY 


As  a result  of  measurements  of  decomposition  rates  of 
highly  pure,  unstabilized  hydrogen  peroxide  solutions  at  tempera' 
tures  varying  from  50°  to  70°C.,  the  temperature  coefficient,  a, 


for  the  decomposition  reaction  was  found  to  be  2,2  ^ O.lTfor  a^ 
10-degree, rise.  The  coefficient  appears  in  the  expression 

« It  ~ where  k is  the  reaction:  rate  constant  at  ; 

,the' tempetrature  T or  T^.  Thle  value  agrees  well  with. that  oal'^^r  "' 
culated  tiihom -rfesultj.,, of,  other  .peasureaent e (21V,  o^i^led^out  on 
ii^aTbgeh  'iiefnsxDi  -the  ehtira-ptslff^b^ — ~ 

■pangar  of  "concentration ; ■ Pf oi  theee  a.  rsttis  “iSf  ■ about 


40 ;1  was  indicated  between  the  decomposition  rate  at  96°0,  as  obm- 


pared  to  the  50° 0.  value.  The  ratio  calculated  by  the  use  of  -the 
equatio^i  given  above  is  approximately  38;1. 


./  In  the  presence  of  catalytic  contaminants  it  would-  be 
expected  that  the  temperature  coefficient  should  be  less  than  2,2; 
and  Indeed  this  belief  has  been  borne  out  by  measurements  of  the 
temperature  coefficient  of  the  decomposition  reaction  in  the 
presence  of  small  proportions  of  ferrlo  salts  added  to  the  solu- 
tion. For  such  solutiona  values  of  a as  low  as  1.6  were  observed. 
On  the  other  hand,  in  the  presence  of  a stannate  stabilizer,  the 
ooefflclent  never  fell  below  2.2,  sometlmea  rising  brightly  above 
this  value,  to  2.3  or  2.4.  Although  no  high  degree  of  accuracy 
is  claimed  for  these  determinations,  it  seems  Justifiable  to  assume 
that,  the  effects  reported  are  real. 


STABILIZING  AGENTS 

Although  it  appears  reasonably  certain  that  in  the 
presence  of  more  than  minute  proportions  of  catalytloally-aotlve 
contaminants  It  is  impossible  tc  restrain  the  decomposition  of 
hydrogen  peroxide  by  the  addition  of  stablilzers  much  effort 
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nevertheless  has  gone  Into  the  study  of  the  stabilization  of 
hydrogen  peroxide  with  the  hope  of  Improving  the  storage  ohar- 
aoterlBtlos  of  oommerolal  produots. 

-general -Principles  of  Stablllzatloh  “ 


Vhen  viewed  in  its  broadest  aspects,  the  stabilization 
; process — aside  from  control  of  the  pH  of  the  peroxide  solution, 

\ which  would  Influencefthe  rate  of  the  homogeneous  decomposition 
reaotlon~fflay  be  assumed  to  consist  of  InaotlTatlng  oatalytloally- 
aotlve  substances  which  may  b>e  present,  either  dissolved  or  sus- 
^pended  in  the  solution,  or  held  in  the  walls  of  the  container.  The 
[ivalidity  of  this  assumption  is  attested  by  the  fact  that  the  addi- 
tion of  stabilizing  agents  to  oonoentrated  hydrogen\ peroxide  solu- 
tions of , exceptionally  high  purity  falls, to  reduce  further  the  rate 


of  e.eo®ffliao^itlon  of  the_perj5xl4e.  .spJLul^ 


any  ^Impor  t anJL  degr  ee . 


cr  “ioril  zatibft  cf  "hydrbglg'pln^^ 

euif ^rlo , phcejSwTip  -pr  pyf -o*e1±c  , 
or  bfnaolp  itoida,  oantrot  solely  aboount  for  the  imppovement  of  the 


stability  of  hydrogen  peroxide  solutions  is  Indioatad  by  the  fao^ 
that  some  other  adds  have  less  effect  ifhen  so  employed  than  would 
be  antiolpateid  from  a knowledge  of  their  aold  strengthe.  Further- 
more, if  enough  aold  were  added  to  reduce  the  pH  to  values  of  Z or 
less  (measured  at  ten-fold  dilution),  the  effect  of  the  addition 
would  be  to  dsoreaee  the  stability  of  the  peroxide.  It  has  been 
suggested  that  conceivably  the  ability  of  the  aold  to  enter  Into 
compound  formation  with  hydrogen  peroxide  may  also  have  some  bear- 
ing upon  Its  effectiveness. 


Organic  substances  in  general  are  subject  to  a slow  oxi- 
dation at  ordinary  temperatures  by  hydrogen  peroxide.  Therefore 
for  long-term  storage  the  uee  of  organic  aolds,  for  example,  urlo, 
oltrlo,  tannlo,  or  salloylic  aolds,  as  stablllzere  may  not  prove 
to  be  adequate,  particularly  for  higher  ooncentratlons  of  hydrogen 
peroxide.  For  some  purposes,  as  In  medicinal  uses,  the  organic 
aolde  are  nevertheless  preferred  In  dilute  peroxide  solutions  to 
stronger  inorganic  substances  which  might  have  Injurious  effects. 

It  should  furthermore  be  borne  in  mind,  as  pointed  out  by  Trltton  (22) 
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that  when  hydrogen  peroxide  la  to  be  used  for  pharmaceutical 
purposes,  the  presence  of  substances  which  affect  the  decomposi- 
tion of  hydrogen  peroxide  by  catalase  may  become  a matter  of  Im- 
portance.   - - - 

A vei'y  extensive  number  of  stabilizers,  both  Inorganic 
and  organic  In  character,  have  been  tested  with  hydrogen  peroxide 
solutions,  both  dilute  and  concentrated.  Among  these  substances 
the  4ost  notable  success  appears  to  have  been  obta^lned,  espeoiaJ.ly 
In  the  case  of  the  highly  concentrated  solutions,  with  sodium  stan- 
naW  0r“  with  8-hydroxyqul  no  line  ("oxlne*"),  ^aoh  In  the  presenoe^of 
a soluble  pyrophosphate,  or  a phosphate-pyrophosphate  mixture^ 

Since  the  part  played  by  many  catalysts  Is  Jselleved  to  depend  upon 
their  ability  to  enter  into  a cycle  of  raaotlons,  In  whloh  oxlda-  ' 

tlon  and  reduction  of  a oonstltusnt  occurs  In  rapid  alternation, 

;4t.-^oriiiowa-that-on«"Way-^n-whloh-»tablilBat^l©rt=may  ottcur-is-’by^-— 

t.eralnAtljig::ap  bMaMhg  the  reaotlon  eh^n  ih-8uoh_ei  caea.r  -7K^ir7^_: 
the  satalytic  spuroe  is  located  in  the  walls  of  th®_;©6ntaiaerr- 
the  stabilizer  may  serve  to  alter  the  character  of  the  surface 
so  that  It  will  no  longer -aid  In  the  deoomposltion  prooeeS.  Some 
colloidal  stabilizers,  such  as  hydrous  stannic  oxide,  are  effective 
In  adsorbing  oatalytlcally-aotive  Ions  or  in  bringing  about  coagula- 
tion of  dispersed  active  solid  matter.  Thus,  it  Is  common  praotloe, 
as  previously  Indicated  (2),  to  add  at  least  a few  p.p.m.  of  sodium 
stannate  to  highly  concentrated  hydrogen  peroxide,  otherwise  free 
of  additives,  In  order  to  Improve  the  stability  eharaoterlstlos  of 
these  solutions.  Similarly,  addition  of  sodium  pyroantlmonate  to 
concentrated  hydrogen  peroxide  solutlone  brings  about  a smaller, 
but  measurable  Increase  In  the  stability  of  the  solution,  due  doubt- 
less to  the  presence  of  colloidal  hydrous  antimony  pentoxlde. 

The  addition  of  sodium  pyrophosphate  (O.l^lj  or  less),  as 
suggested  by  Reichert  and  others  Is  believed  to  Improve  the  stabiliz- 
ing effect  of  colloid  stannic  oxide  (23a.), due  In  part  to  the  fact 
that  the  precipitation  of  the  tin  Is  thereby  retarded. 

Industrial  application  has  been  made  of  stabilizers  which 
exist  In  colloidal  form  in  hydrogen  peroxide  solutions  employed  In 
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bleaching  cotton  ancl  other  textiles.  Addition  of  sodium  or  mag- 
nesium silicate  to  alkalin-'  solutions  containing  hydrogen  perox- 
ide has  an  anti-oatalytio  effect,  presumably  to  be  attributed  to 
the  colloids  resulting  from  the  hydrolysis  of  the  silicates. 


It  is  interesting  to  note  that  the  combined  effect  of  a 
mixture  of  two  different  stabilizers  may  exceed  the  sum  of  the 
effects  of  the  two  when  used  separately  (2^)-) . This  result  is 
reminieoent  bf  the  reversed  state, of  affairs,  reported  oonoernlng 
the  effeot  of  a mixture  of  two  catalysts,  in  .which  case  the  rate 
of-deoomposltlon  of— the  hydrogen^eroxide  was  inoreased  by  an  _ 
amount  greater  than  that  dorreapbndlng  to  the  sum  of  the  two  - 
oatalytlo  effeota  Vhen  employed  separately.  - , , 

It  la  obviously  necessary  that  the  pH  of  the  hydrogen 
peroxida__BQliftAon  .shpu^  lie  wlt^iln  the  rang^  over  whloh  the.;..two 
nif^n.l’z'e  ri  Al*3  irff entire 
In  '9f$ 

'the]pE  of  the  hydro  gin  peroxilr  solution  (at  t.,en-f  old  dilution) 
fal,i«  between  3.5  anjl  6 (see  footnote,  page  3^).  At  a pH  of  2,  • 
or  of  7»  the  deoompp'Bitlon  rate. for  th'^^isame  solution  may' rise  , as 


much  as  twenty-fold/  ( 23) . * 
Oxlne 


‘‘.ViL,.' 
‘.p<rr  ■ 


Of  the  staMllzers  which  have  been  studied,  especially 
In  the  case  of  highly  oonoentrated  hydrogen  peroxide,  particular 
mention  has  been  made  of  auch  organic  subatanoes  as  8-hydroxyquino 
line,  ("oxine"),  often  used  as  the  pyrophosphate  derivative  or  in 
conjunction  with  a soluble  phosphate  cr  pyrophosphate*?;  and  of 


* Relohert  and  Hawkinson  (23a)  recommended  addition  of  a buffer, 
suob  as  a saturated  aliphatic  acid  of  ionization  constant  10~^  to 
lO"®  (preferably  adipic  acid) , in  conjunction  with  etablllzation 
by  etannate  and  pyrophosphate  mixtures.  The  hydrogen  peroxide 
solution  (presumably  not  over  30)f  hydrogen  peroxide)  thereby  as- 
sumed a pH  of  3*5  to  4.0. 

♦*  A solution  of  oxlne  suitable  for  use  with  concentrated  hydro- 
gen peroxide  solution,  may  be  prepared  as  followsj  19  g.  of  py- 
rophosphoric  acid  are  dissolved  in  200  ml.  of  water  and  31  g.  of 
oxlne  added  to  the  solution,  which  is  then  heated  on  a water  bath 
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sodium  stannate.  The  meohanlsm  of  the  stabilization  prooees 
Involving  "oxlne"  la  not  entirely  olear  In  all  of  Its  details; 
for  In  the  presence  of  Iron  contamination,  oxine  alone  has 
little  If  any  protective  action,  yet' In  the  presence  of  phos- 
phate, or  preferably  pyrophosphate.  It  makes  an  effective 
stabilizer  against  the  influence  of  small  concentrations  of 
certain  catalytic  contaminants,  including  Iron  compounds.  It 
was  much  usjd  by  the  (Jermans  In  the  atabllliatlon  of  85j<  hydro- 
gen peroxide  Tor  various  military  purposes  during  Vorld  War  II, 

buty  like  other  jsrganlo  additives,  gradual  oxidation  by  the  - 

hydrogen  peroxide  Is  to  be  expeoted„ln  the  event  of  long-term 
storage.  This  beoomfs  more  probable  If  contamination  by  ferric 
lron_ha^ taken  ipXace  in  the  hydrogen  peroxide  solution,  as  t^e 
oxidation  of  oxlne  by  hydrogen  peroxide  Is  markedly  oatalyz ad  by 
ferrdCj^o^Mun^jr7~~irpjrnverZ^ 

phoapj^tje vjtQhr- ae^ -ithjFjexai^  jweb  giv^i,.  „thft . Terrie  lonTmay 
beoe'me  Inactivated  M W pyro'phQaph&te  Ion,  so  that 

the  oxidation  of  oxlne  is  greatly  reduced,  to  the  extent  that  the 
stabilizing  effect  of  the  mixture.. may  be  prolonged  for  msmy  months 
of  storage, -even  though  some  slight  contamination  by  ferric  Ion 
had  taken  place. 

Pyrophosphate 

Sodium  pyrophosphate  (Naj^?20,j,‘10H20)  alone  is  capable  of 
holding  in  check  at  least  as  great  a concentration  of  ferric  Ion 
as  10  p.p.m.  Pe'^'*”*’,  but  Is  not  sufficiently  protective  against 
contamination  by  even  a few  p.p.m.  of  copper  compounds.  Its 
protective  mechanism  appears  to  consist  of  reaction  with  such 
dissolved  catalytic  Ions  as  Pe"^ which  are  either  precipitated, 


for  about  20  min.  with  vigorous  stirring  until  all  of  the  oxlne 
has  dissolved.  The  brown  solution  Is  made  up  to  1 liter  and 
filtered  free  of  any  dark  flakes.  Of  this  solution  1 or  2 ml, 
added  per  liter  of  the  hydrogen  peroxide  solution  should  provide 
adequate  stability  to  85  - 90%  hydrogen  peroxide  for  most  pur- 
poses, and  provide  a decomposition  rats  at  50°C.  not  In  excess 
of  0,0025^  P®r  hour,  provided  that  the  hydrogen  peroxide  In  the 
original  solution  was  sufficiently  pure. 

Another  formulation  for  stabilization  by  means  oxlne  Is  the 
followings  30^  rag  oxlne,  230  rag  Na^  P,0„lil0H,0,  and  202  mg  H,P0^ 
per  liter  of  solution.  ^ 
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or,  In  the  presence  of  an  excess  of  pyrophosphate,  converted 
Into  relatively  stable  complexes;  In  either  case  the  catalytic 
effect  Is  largely  eliminated.  It  seems  Improbable  that  pyro- 
phosphate should  directly  influence  the  hete“rogeneous  decomposi- 
tion process,  except  Insofar  as  it  may  inactivate  metal  ions 
which  otherwise  may  lead  by  hydrolysis  to  the  formation  of  oata- 
lytloally  active,  solid  products.  It  is  also  to  be  borne  in  mlna 
that  pyrophosphate  ion  is  Itself  subject  to  gradual  hydrolysis  at 
ordinary  temperatures  in  aqueous  solutions:  ^2^7 

It  is,  of  oouroe,  essential  that  the  pyrophosphate  employed  for 
stabilization  purposes  should  itself  be  ohemioally  pure  and,  in 
particular,  free  from  Iron  contamination.  — 

The  ratio  of  pyrophosphate  ion  to  ferric  ion  found  (?) 


to  be-requiredr-for  eatisfaetory  Btabilization-o£-.irone^oontaminat.ed_.. 

,0, 


Tcnben^era^eJTfiP^gin  a^  50“C.  XsTShWH  Tfi" 

Sable -zi  ■-  ;■ ; ■ 


~ T ABiLE  2 

OPTIMUM  PB0P0RTI0N8  Of,  PSBOPHOSPME 
FOR  STABILIZATION  AGAINST  FERRIC  ION  (?) 


1.  ■ 


Ps"^"*’ padded  ae 
sulfate )j  p.p.m. 


0.08 

.16 

.24 

.32 

.48 

.96 

1.08 

1.92 


4- 

Avg.  P5O7  required 
(added  aa^NakPoOn'lO 
HgO)j  p.p.m. 


0.30 
.60 
1.10 
1.60 
2. 

7. 
10.00 
17.20 


Ratio, 


3.8 

3.8 

4.6 

5.0 

5.2 

7.7 

9.3 

9.0 


Stannate 

Sodium  stannate,  NagSnO^OHgO,  as  has  been  previously 
indicated,  forms  by  its  hydrolysis  colloidal  hydrous  stannic 
oxide,  SnOg'xHgO,  which  adsorbs  catalytic  ions,  such  as  ferric 
ions,  in  an  effective  manner  and  hence  improves  the  stability  of 
hydrogen  peroxide  solutions.  If  added  in  excessive  proportions, 
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the  hydrolysis  of  sodium  stannate  increases  the  pH  of  the  hydro- 
gen peroxide  to  a point  which  may  result  in  a reduction  of  Its 
stability.  Sodium  stannate  is  not  outstanding  in  its  effective- 
ness against  oontaminatlon  by  copper  oompounds.  To  adequately 
restrain  the  oatalytio  influence  of  as  little  ouprio  ion  as 
0.1  p.p.ffl,,  it  was  found  necessary  to  add  up  to  65  p.p.m.  of 
SnO^  (added  as  stannate).  Furthermore,  its  effeotiveness  in 
stabilization  has  been  observed  to  be  somewhat  time-dependent, 

as  diseussed  below.  The  tempex^ture  and  temper atu re, history  

also  affects  its  activity,  thus,  the  stability  of  stannate- 
stabillzed  hydrogen  peroxide  was  observed  to  be  improved  by  a 
preheating  of  the  solution  to  before  measurements  were 

oarried  out  at  30°C* 

. — — :^f— it~atabil^  is  added  in  d,nor easing  amounts  I 

gl^on  dampl^  of  H^bgeh  peroxide,  W rite  oT“de5d^a^^ 
viii  dwp  to  ana  thro  siowiy  aneriii^.^ 

there  exist an  .optimum  amount  _of  atabillzer,  which  is  a Tunotibh 
of  the  hindpiiand  amounts  of  impurities  present*  Table  3 shows  the 
proportions  of  stannate  found  (7),  most  effeotive  in  oontrolling 
the  oatalytio  effep,t  of  ferrlo  ion  when  the  latter  waa  preeent  at 
ooncentration  of  from  0.1  to  4.0  p.p.m.  in  85^  hydrogen  peroxide. 
The  rate  ^ deoompoBltlon  of  the  original,  unoontamlnated  hydrogen 
peroxide  varied  somewhat  (from  about  O.OO3  to  0.00U}(  per  hr.  at 
50°G.)  as  shown  in  the  first  oolumn;  the  stabilized  material  showed 
decomposition  rates  of  about  0.0001  to  0.002)1  per  hr.,  and  the  op- 
timum amount  of  SnOg  (added  as  NagSnO^^SHgO)  is  seen  to  range  from 
about  1 to  60  p.p.m.;  the  ratio  of  SnOgtFe'*"*’ ■’’employed  varying 
from  13  to  26  for  iron  contents  above  0,3  p.p.m. 

In  place  of  adding  sodium  stannate  as  a stabilizer,  it 
is  also  possible  to  attain  similar  results  by  preparing  hydrous 
stannic  oxide  as  a gelatinous  precipitate  (thoroughly  washed  by 
repeated  decantations)  and  adding  the  hydrous  gel  to  the  hydrogen 
peroxide  solution;  thus  bearing  out  the  belief  that  stabilization 
here  is  brought  about  by  the  "scavenging"  action  of  colloidal  hy- 
drous stannic  oxide  (25) • 


TABLE  3 

OPTIMUM  PROPORTIONS  OP  SnOa-xHeO  FOR  STABIUZATION 
AOAINST  FERRIC  ION  (?) 


I 


Orlg.  Rate  of 
Decomposition 
per  hr.  at 
50®0.) 

-F-e'*' +added 
as  sulfate 
(p.p.m. ) 

_0ptlmum_Sn0« 
(added  as 
Stannate 
p.p.m.) 

Resulting 
Rate  of  Dec. 
(^  per  hr.; 
5O°0.) 

Ratio 

Sn02/F^+^ 

employ^ 

0..0029 

0i0029 

0,\0034 

0.G020 

0.0037 
0.0031 
0.0046  - , 
0.0029 

0.0040 
0.0029  'll 

0.6020  ir  ■ 
—0.0023  “ 

O.IO 

.27 

: .29 
.31 
.35 
-.47 
.55 

.85 
1.09 
1.52 
1.80 
2.72 
“ 3.99 

0.83 
1.98  • 

I. 75 
7.00 
5.24 
7.79 

II. 1 

11.3 

17.5 

23.3 
47.0 
63.1- 
6"1«  5"”  r 

0.0003 
0.007 
0,0013 
0.0007 
2.0013  ' 
0.0015 
0.0006 
0.0013 
0.0005 
0.0017 
0.0020- 
0.0021 

-^-Ot0037  - - - 

8.3 

^ 7.3 

6.0  - 

22,6 

15.0 

16.6  - 
20.2 

13.3  - 4 

16.0 

15.3  j 

26.1  4 

--  23-.  2 . 

-l-jT*--,:-- 

I!  __I  j|  . ■ ■ - 

' 'll  xwmXtslan  cd^lrmi^  1^  jfTgf 

“ Inveat^gAtp^  (^3*).  Another  axpidlint  auggeated  by  Uilbert  . 

- and  Reloherit  (23b)  employs  as  a stabilizer  SnClg’ZHgO,  heated  for 
oaa  heiir  at"  300®Q.  with  83^  phosphoric  aolj.  j^to  convert  the  latter 
to  pyrophoaphorlcj  acid).  For  best  r/esults,  the  hydrogen  peroxide 
solution  should  be  kept  at  a pH  below  5. 

Heaeurements  of  the 'decomposition  rate  of  oonoentrated 

hydrogen  peroxide  solutions  stabilized  with  sodium  stannate  have 
Indicated  that  the  stabilizing  actdorT^quires  some  time  to  attain 
Its  maximum  effect — usually  the  rate  has  been  observed  to  decline 
slowly  over  a matter  of  three  or  four  days  before  leveling  off  to 
an  essentially  constant  value.* 


* In  this  connection,  dlgudre  and  Qeoffrlon  (2),  reported  a brief 
delay  (30  to  60  min.)  in  the  appearance  of  a stabilizing  effect 
when  a small  quantity  of  sodium  stannate  was  added  to  dilute  hy- 
drogen peroxide  solutions.  Conceivably  this  delay  resulted  from 
the  time  required  to  build  up  in  the  solution  a sufficient  quantity 
of  colloidal  stannic  oxide,  by  hydrolysis  of  the  stannate,  to  bring 
about  the  desired  stabilization  effect. 


aii  ‘ aUi. 
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other  atablllgere 

The  behavior  of  hydrous  zinc  oxide  Is  also  of  interest. 

When  zlno  salts,  such  as  the  sulfate,  are  added  in  the  proper  

proportion  to  very  concentrated  hydrogen  peroxide  solutions 
(of  the  order  of  90jS  hydrogen  peroxide)  they  exert  a stabilizing 
action  upon  the  latter,  at  least  over  a limited  range  of  pH  (14), 

In  more  dilute  hydrogen  peroxlda  solutions > however,  (say,  20  - 30fC 
hydrogen  peroxide)  the  effect  Is  reversed  and  the  decomposition 
rate  of  the  hydrogen  peroxide  Is  observed  to  be  actually  Increased 
somewhat  by  the  addltlcn  of  soluble  zinc  salts. 

The  fact  that  the  presence  qf  zinc  oxide  In  dilute  solu- 
tions of  hydrogen  peroxide  falls  to  stabilize  the  letter,  and  In 
faot_ may  even  result  in  an  Increase  In  the^deoomposl^lcn  rate,  haS— 
~been  lat ie:^ret^^^  oh  the  basp^’^.  th^  hjppthij^l 

that  metal  oxides  which  act  as  stabl-llzers  are  converted^  into 

- - • • : , ■ ;■■■■  ■ 

— > He  . , or  MeOg^HgO;  of  possibly 

or  Me'  . According  to  Plerron,  If  the  proportion 
^OOH 

of  metal  oxide  to  hjrdrogen  jceroxlde  Is  such  as  to  lead  to  incomplete 
metal  peroxide  formation,  there  will  be  either  feeble  stabilization 
or  a slight  acceleration  of  the  decomposition  process.  With  metal 
oxides  which  are  pronounced  decomposition  catalysts  (such  as  oxides 
of  lead,  copper,  manganese,  silver  or  mercury),  the  presumption  Is 
that  peroxide  formation  Is  either  very  small  or  non-existent,  due 
to  the  unstable  character  of  such  peroxides. 

It  would  appear  reasonable  to  attribute  the  relationship 
existing  between  the  concentration  of  the  hydrogen  peroxide  and  the 
stabilizing  aotlon  of  such  a substance  as  zinc  oxide  or  hydroxide  to 
the  possibility  of  displacement  of  the  equilibrium  in  such  a re- 
action ae: 


hydrated  peroxides,  ae  MeO 


it- 


He 


OH 


OH 


OOH 


-|-  HOOH 


± Me^ 


+ HgO. 


OH 


i.3li 
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If,  according  to  Pierron,  the  peroxldized  jtietal  hydroxide  Is  the 
active  stabilizing  agent,*  It  will  be  moat  effective  In  the  presence 
of  excess  hydrogen  peroxide;  and  it  will  he  hydrolyzed  In  dilute 
hydrogen  peroxide  solution  with  reversion  to  the  metal  hydroxide 
(or  to.the  hydrous,  or  hydrated  oxide). 

D'AnS  and  Mattner  (27)  studied  the  stabilizing  of  alka- 
line solutions  of  hydrogen  peroxide  against  catalytic  decomposition 
caused  by  the  presence  of  cupric  hydroxide,  by  addition  of  msigneslum 
hydroxide.  They  reported  the  removal  of  traces  of  heavy  metals, 
especially  of  copper,  by  means  of  the  precipitated  Mg(0H)2»  thereby 
effecting  a purification  of  the  hydrogen  peroxide  solution. 

Prom  what  already  has  been  said  concerning  the  intrinsic 
stability  of  pure  hydrogen  peroxide,  It  Is  apparent  that,  if  this 
“ substance' could  be  prepared  and  pres.eryed  in  tjie  total  abeenoe  _ofr  r 

.OAtalytically  active  materials,  no  stabilizers  would  be  nyieded  to • 

tho  pcHoibiitty  of-stbrage’  for  long  perlods-at^Ci'di^nery  ~ 

M 'app'eoiablf  1^^ 

j If  1th  this  reasoning,  several  industrial  manufacturers  are  nCw 
■producing  high  concentration,  unatablllzed  hydrogen  peroxide  i 

j'. which  is  ni^larly  oomple,tely  free  of  additives,  and  yet  may  be 
: _[  transported  and  stored,;  safely  In  aluminum  drumB,  ‘ 

The  list  of  the  many  other  substanoea  which  have  been 
applied  to  the  at^lllzation  of  hydrogen  peroxide  of  various  oon- 
oentratlcina,  Including  inorganic  as  well  as  organic  compounds,  is 
length^ and  no  attempt  will  be  made  to  record  them  all  here.** 

< 

A representative  list  of  euoh  organic  and  inorganic  { 

stabilizers  for  dilute  hydrogen  peroxide  solutions  was  studied  by  j 

Sonol  (28) , among  others,  and  the  comparative  effectiveness  of  I 


♦ It  Is  not  apparent  why  the  peroxldized  hydroxide  should  be 
capable  of  effecting  stabilization  if  the  hydroxide  or  cxlde 
are  without  similar  action. 

**  The  reader  Is  referred  to  such  sources  as  Machu's  "Das 
Wasserstoffperoxyd  und  die  Perverblndungen, " second  edition, 
Sprlnger-Verlag,  Vienna,  1951.  for  a detailed  list  of  such 
BtablllzerB, 


32. 


the  different  subetanoas  was  reported,  when  added  at  oonoen- 
tratlons  from  0.25  to  0.50J6. 


Among  the  various  organic  eubstanoes  which  have  been 
suggested  for  the  stabilization,-  eepeoial-ly  of -dilute  hydrogen 
peroxide  aolutlona,  acetanilide  has  been  very  commonly  empipydd. 
However,  the  shelf  life  of  3^  hydrogen  peroxide  aolutlona  thua 
stabilized  la  considered  to  be  only  about  6 months  (29);  further- 
more, acetanilide  has  been  reported  more  subject  to  oxidation 
(to  nltrobenzol)  than  phenaoetlm (29) . Likewise,  p-hydroxybenzolo 
acid  ester  ( ao-calledJLNlpaglh-ll"  )~has  been' said  to  be  auperlor 
to  many  other  similar  preservatives.  The  presence  of  benzole 
acid  (0.1J<)  waa  found  affeotlvo  In  oonoentratlng  hydrogen  peroxide 
aolutlona  by  a distillation  prooeaa  (30) 


Folgner  and  Schneider  (31)  also'  made  a study  of  the 
-xtab-ilialftg^  addition  e'f™amali^px^po3*tTonB~.ofCiaip^tl^ 

)(^f%ep.ff.,.--aBt:er  a ^a 

some  Inorganic  aalta  ( aod,  urn  boi^ate,  allioater  

phosphate)  to  "bleach  ll<luor"  at  46°,  50°  and  70° 0.  over  a period 
of  96  hourtf.  Their  tabulated  results  show  thii  auperlor  effeotlve- 
neas  of  sodium  pyrbpHoephate  (particularly  at  higher  tempefdtures)  " “ 
among  the  inorganic  atablllzere*  Some  of  the  organic  eubstanoes 
were  found  to  be  good  wetting  agents  as  well  aa  stabilizers. 


Carrara  and  Honzlnl  (32)  observed  the  stabilizing 
properties  of  a series  of  azoxy  compounds  of  the  sulfonamides; 
Kunz  (33)  reported  the  similar  effect  of  addition  of  antlpyrlne; 
and  Harris  and  Faha  (34)  that  of  hydroqulnone  or  Its  derivatives. 


It  has  been  emphasized,  however,  that  many  organic 
additives  are  subject  to  a gradual  oxidation,  which  at  room 
temperature  may  result  In  the  protective  action  being  lost  within 
a period  of  a few  weeks  or  months  of  storage  of  even  dilute  solu- 
tions of  hydrogen  peroxide. 


The  Choice  of  a Stabilizer 

In  comparing  the  relative  merits  of  the  various 
stabilizers  which  have  been  applied  to  the  preservation  of  dilute 
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or  concentrated  solutiona  of  hydrogen  peroxide,  a natural  query 
may  arise  as  to  the  poaaibility  of  designating  one  of  these 
agents  as  the  bsst  of  all  in  its  effectiveness  in  this  regard. 

However,  it  ia  scarcely  poesible  to  give  an  unqualified  reply 

to  suoh  a query,  particularly  because  the  selection  of  a 
stabilizer  must  be  made  with  due  regard  to  the  oondltlona  under 
which  the  hydrogen  peroxide  ultimately  la  to  be  used,  aa  well  as 
to  suoh  oonalderations  as  the  required  length  of  time  of  storage 
and  the  probable  prevailing  temperatures  which  the  solution  will 
be  required  to  withstand  during  the  storage  period.  Aa  has  been 
pointed  out  above^  if.  the  storage  period  la  to  be  relatively 
-briefr  ah  orgwilo  stabilizer  may  be  aatlafactor^,  whereas  over  a 
prolonged  period  of  time  slow  oxidation  nay  destroy  the  effeotlve- 
nees^Of  an  organic  component.  Oji  the  other  hand,  for  certain 
purposed"  limitations"  may  be  plaoed  upisn^ tM ,^hoJLae_:of^an.  J.norganl o - . 


■■■■s1^&il-I-l-ziir-du«^-Tb^th  -of  -undefBiTffblTs  -TrBrBldual"-nattirn»^ 

iiSgS'  of  th.e  ;hyjSrjQgon...pi?rpxid^^^  — 

. il  ■ ■ ■ ■ ■ ■--  ■'  !/  - 

been  decomposed  in  use,- 


The  Meohanlam  of  Stabilization  ' ■ / 

A oompletely  satisfactory  explanation  of  the  various 
mechanisms  whereby  stabilization  of  hydrogen  peroxide  is  brought 
about,  by  the  wide  variety  of  organic  and  Inorganic  substances 
which  have  been  employed  for  this  purpose,  has  not  been  presented 
up  to  the  present  time;  although  in  certain  Individual  cases  the 
evidence  la  rather  concluelve.  The  effect  of  addition  of  small  — 
quantities  of  some  acids  already  referred  to,  in  repressing  the 
dissociation  of  HgOg — ► +•  OOH" , appears  clear  enough^ , aS;  does 

the  role  of  various  additives  which  are  known  to  be  able  to  form 
complexes  with  certain  active  catalytic  Ions  which  may  be  present. 
Again,  we  have  seen  that  some  stabilizers  are  obviously  effective 
as  protective  colloids.  The  increase  in  the  viscosity  and  the 
change  in  the  surface  tenalon  of  hydrogen  peroxide  solutions  in 
the  presence  of  such  colloidal  materials  as  gelatine,  starch  or 
glue,  may  account  In  part  for  the  restraining  action  of  these 
additives  upon  the  dooompoaltion  of  hydrogen  peroxide.  If  the 


I 
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decomposition  process  Is  viewed  as  dependent  upon  the  formation 
of  activated  molecules,  Induced  by  the  presence  of  positive 
catalysts,  then  It  would  seem  reasonable  to  assume  that  stabilizers 
may  funotlpn  by  lnaotlvatlng.or_ preventing  the  formation  of  such 
activated  molecules. 

In  this  connection,  Richter  (35)  studied  the  effect  of 
various  organic  substances  as  inhibitors  on  the  photochemical 
and  the  enzymio  decomposition  of  hydrogen  peroxide.  He  observed 
that  the  enzymio  reaction  Is  comparatively  little  influenced  by 

the3presenoe  of- Inhlbitoi's , and  concluded  that  the  decomposition 

process  in  this  case  does  not  involve  a chain  mechanism,  such  as 
is  suggested  in  the  case  of  the  photochemical  decomposition  re- 
action, _ ■„» 

■ - : In,  some  oases  stabilization  praotio es  have  been  found  , 

eipiri  baliy -to  be  usef ui  without-thB^dcvslopnrent^ot'^anniniBtiuat e ~ 
■aftMffi-pltft-y-iSg  theo-f  etical  intirpretat-ion  cf  the  pl^ehome^n.  ” 
fact  appears  establlshedi  naneljr,  ^hat^slThouglf  stabilizers  may” 
restrain  the  decomposition  process,  yet  the  process  itself  Is 
not  thereby  fundamentally  altered — it  retains  its  monomolecular 
character  in  the  presence  of  the  inhibiting  agent. 

, • ll  _ . jv 

THE  EFFECT  OF  pH  UPON  THE  DECOMPOSITION  RATE 
OF  HYDROGEN  PEROXIDE 

If  the  decomposition  rate  of  a given  concentration  of 
unstablllzed  hydrogen  peroxide,  In  aqueous  solution  and  as  free 
as  possible  from  contaminants,  is  plotted  as  a function  of  pH — 
the  latter  being  controlled  by  addition  of  the  purest  sulfuric 
acid  or  of  sodium  hydroxide  solutions — a curve  is  obtained  which 
shows  a minimum  at  a pH  (measured  at  ten-fold  dilution*)  in  the 
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* By  reference  to  Figure  6 it  will  be  apparent  that,  if  the  pH 
of  undiluted  hydrogen  peroxide  solutions  having  concentratlone 
greater  than  90  wt.  % is  measured  with  the  aid  of  the  glass 
electrode,  negative  readings  are  obtained,  which  are  not  open 
to  the  usual  mode  of  Interpretation.  Dilution  to  one  tenth  of 
the  original  concentration  was  employed  an  an  expedient,  so 
that  the  pH  data  thereby  obtained  might  be  compared  and  inter- 
preted in  the  usual  way. 


S I 


% DECOMPOSmON/HR.  AT  50'’C 


A SATURATED  WITH  C02 
O EXPOSED  TO  AIR 


wBSm 


FhPs  -~f^'^U^ED^pH  HYDROGEN  PEROXIDE  SOLUTION? 
IN  CONDUCTIVITY  WATER" 


ORIGINAL  pH 
OF  SOLUTIONS 


pH(i;iO  DILUTION) 

FIGURE  7-RATE  OF  DECOMPOSITION  OF  HgOg  OF  VARYING  CONCENTRATIONS  WITH 
CHANGE  IN  pH,  AT  50®C.  IpH  ADJUSTED  WITH  HgS04) 


I 


|i— ■ iONW 

36. 

I vicinity  of  atout  4.5  to  5.0.  The  decreasing  stability  In  the 

I higher  ranges  of  pH  Is  readily  accounted  for,  as  Indicated 

above,  on  the  basis  of  the  equilibrium  expression: 

HOOH  ^ H'*’  In  which  the  perhydroxyl  Ion,  OOH”,  reputed 

to  be  unstable,  would  be  expected  to  Increase  In  concentration 
as  that  of  the  hydrogen  Ion  Is  diminished  by  addition  of  alkali. 
The  sharp  decrease  in  stability  at  the  other  extreme  of  the  pH 
scale,  at  values  of  about  1 to  2,  Is  less  easily  ac- 

counted for,  however.  In  lower  concentrations  of  hydrogen  per- 
oxide, say  30  wt.  % or  leas,  the  increase  In  the  decomposition 
rate  at  low  pH  Is  more,  noticeable  than  in  the  case  of  more 

V 

concentrated  solutions.  In  somewhat  more  concentrated  solutions, 
®v®^-Ahe  range _of_pH^_^.._2^Qj  « 2 to  6,  only  a small  effect  of  pH 
change^  is  nbted. 

I .... — abo4e  50ji-by  weight 

2^5  5»  5i 

rate  of  decomposition  of  hydrogen  peroxltlo  is  but  slight;  ar  " " 
cbn^ntratlohs  progressively  lower  than  ^0%,  the  effect  of 
variation  in  pH  beoomes  increasingly  Important,  both  in  the 
lower  and  high  ranges  of  pH. 

Figure  7 shows  the  results  of  measurements  in  which 
the  decomposition  rates  of  dilute  and  more  conoentrated  solu- 
tions of  hydrogen  peroxide  were  measured  over  a wide  range  of 
pH.  It  wilL  be  observed  that  the  general  form  of  the  Individual 
curves  is  similar,  with  maximum  stability  (or  minimum  decomposi- 
tion rate)  falling  In  approximately  the  same  pH  range,  4.0  ±0.5, 
in  all  oasee.  At  a fixed  pH  it  Is  aleo  to  be  noted  that  the 
more  concentrated  solutions  appear  to  be  more  stable  than  the 
more  dilute  solutions,  the  difference  being  larger  the  farther 
one  proceeds  in  either  direction  from  the  region  of  maximum 
stability  ” ^*0). 

Figure  8 shows  the  influence  of  increasing  pH  over 
the  range  » 5 to  7 for  90ft  hydrogen  peroxide.  The 

decomposition  rate  at  ^0^0,  Is  seen  to  rise  in  a steadily  In- 
creasing manner  as  the  solution  becomes  more  alkaline. 
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If,  In  addition  to  the  effect  of  changing  pH,  the 
catalytic  effect  of  added  meta3.  Ions,  euoh  as  Fe'*’ ^ Cu"^  ■*", 

Oi-  Or’*”*"*,  Is  also  Introduced,  the  plot  of  decomposition  rate 
vs.  pH  of  a 90%  hydrogen  peroxide  solution,  for  any  particular 
constant  quantity  of  added  oatalytlc  ion,  may  show  a remarkable 
ousp  or  "peak"  In  the  neighborhood  of  3*5i  »fhloh  Is 

not  found  with  hydrogen  peroxide  solution  alone.  For  the  addi- 
tions of  other  metal  cations,  such  as  Ag*^,  the  maximum  may  lie 
at  higher  pH's.  This  "peak,*  with  its  maximum  showing  an  in- 
crease often  of  ten-fold  or  more  over  the  corresponding  value 
obtained  In  the  absence  of  the  catalyst,  may  occur  over  a 
remarkably  small  interval  of  pH  (as  small  as.  about  one  pR  unit); 
so  much  so,  that  if  only  a few  points  are  taken  to  establish 
the  shape  of  the  curve,  the  peak  may  be  entirely  mlesed.  The 
“ipe^j^furthermora,- iB-not7-obsery^ed-d:n7.-t^he  oa 
Ions  as  Al^,^  t^  possibility  ¥f  a'/rlse  t o Xl>i^er“ bxl 

datlbh  State  il  ’hot  affSTded,  ahd'abhsiquently  a oatalytio 
oyolio  meohahisio,  involving  an  alternation  between  two  oxlda- 
,^tion  states,  is  exqluded. 

Prom  the  general  shape  of  the  decomposition  rate-pH 
curve  shown  in  Figure  9,  It  Is  apparent  that  the  peak  In  the 
upper  curve  represents  the  resultant  effect  of  conditions 
superimposed  upon  those  leading  to  the  lower  curve.  Instead 
of  resulting  In  a similar  curve,  raised  above  the  values  at 
corresponding  pH's  in  the  lower  curve,  It  is  found  that,  on 
the  addition  of  a suitable  oontaklhant,  a branch  appears  r '^pre- 
senting a sharp  acceleration  in  the  decomposition  rate  with  In- 
creasing pH,  followed  by  a branch  In  which  a rapid  drop  In  the 
rate  occurs  as  the  pH  Is  further  Increased. 

A reasonable  Interpretation  of  this  behavior  has  been 
suggested  (7,  36),  in  which  the  sharp  increase  In  decomposition 
rate  was  attributed  to  the  progressive  hydrolysis  of  the  dis- 
solved catalyst  (e,.£. , a ferric  salt)  forming  a colloidal  hydrou 
oxide  (or  possibly  slightly  soluble  basic  salts),  with  a rela- 
tively large  catalytlcally  active  surface  In  contact  with  the 
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hjrdrogen  peroxide  solution.  This  would  cause  the  heterogeneous 
decomposition  reaction  to  accelerate  with  rising  pH.  The  rapid 
decline  In  decomposition  rate  at  higher  pH  values  was  Inter- 
preted to  mean  that  coagulation  of  the  colloid  was  occurring, 
with  a resultant  sharp  decline  in  the  surface  area  of  the  hydrous 
oxide  exposed  to  the  solution.  At  still  higher  pH  values  (not 
shown  In  the  figure)  another  rise  In  the  decomposition  curve  Is 
to  be  expected,  due  to  the  Increasing  alkalinity  of  the  solution, 
as  was  seen  in  Figure  8.  The  minimum  preceding  this  rise  would 
lie  higher  than -that  expected  In  the  low  pH  range,  as  the  ooagu~ 
lated  colloid  presents  some  oatalytloally  active  surface,  although 
much  less  In  extent  than  that  offered  by  the  dispersed  phase, 

Anotherlnterestlng  example  of  the  catalytic  effect  of  - 

certain  added  oontaiy.jiants  Is  shown  in  Figure  10,  in  which  the 
^rjlnf luenpeTTU^O^Z  -p.-]^^  added  in  the  form  of—leiad-  — t-- 

nitrate,  is  observed  over  a range  of  pHq.^qj’ of '’2~t^ 

The  p5  fidjustment  was  ^ade  l5y"^dTt^lon: of’ either  hitrlo  acM  or 
of  sodium  hydroxide."  * In  he^lh^wlth  the  fact,  that  the  pS  at 
w^ch  precipitation  of  lead  hydroxide  begins  to  occur  is  about  6, 
as  compared  to  a pH  of  about  2 for  hydrous  ferric  oxide,  we^do 
not  expect  a sharp  cusp  In  the  decomposition  rate  curve  In  the 
vicinity  of  3.5.  (This  was  looked  for  carefully,  as  the  experi- 
mental points  indloat.e,)  The  "peak,”  If  any  occurs,  would  be 
expected  in  the  high  pH  range,  at  which  decomposition  Is  progress- 
ing rapidly  even  in  the  absence  of  other  added  oatalytlo  sub- 
stanoes. 

The  Influence  of  Increasing  quantities  of  a given 
oatalytlo  contaminant,  suoh  as  ferric  Ion,  over  a limited  range 
of  pH,  is  Indicated  In  Figure  11,  In  which  the  concentration  of 
ferric  Ion  la  Increased  stepwise  from  0,1  to  1,0  p.p.m. , while 
the  1®  from  1.6  to  3.2. 

Even  In  the  case  of  contamination  by  compounds  of  suoh 
elements  as  manganese  and  silver,  the  Importance  of  the  pH  factor 
is  very  significants  in  sufficiently  acid  solutions  of  oonoen- 
trated  hydrogen  peroxide  neither  silver  nor  manganous  ions  exert 
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any  pronounced  catalytic  activity.  They  are  presumably  present 
in  solution  as  the  simple  cations.  When,  however,  the  pH  is 
caused  to  increase  sufficiently  so  that  the  oxides  of  these  metals 
may  precipitate,  a rapid  and  great  increase  in  the  decomposition 
rate  of  the  peroxide  ensues.  - 

It  la  evident,  in  view  of  these  considerations,  that  in 
order  to  properly  compare  the  stabilities  of  different  samples  of 
hydrogen  peroxide  the  prevailing  pH  of  the  solution  must , be 
specified;  and  this  requirement  Is 'the  more  important  If  known 
contamination  by  catalytic  substances  exists  in  the  solution. 

It  is  also  evident,  from  what  has  been  presented  pre- 
_ vlously,  that  for  the  long-term  storage  of  hydrogen  peroxide  solu- 
tions, the  materials  of  oonstruotion  of  the  container  must  be 
scrupulously  clean  and  must  be  devoid  of  oatalyt^oally  active 
- -eoBponents  . rOonslderaW,#  attention  baa  been  given  to;;  this:  eo^ 

and  a number  of  in  which  oojBpay,q,,tlye. . ^ _ 

. mwsuriments  of/  stability  •of^Hydr^dgen  peroklde^ soairtieni ;l^^ 
tai'ners  of  different  composition  are  recorded.  Further  details 
will  be  found  in  Chapter  4. 
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CHAPTER  TEN 

analytscal  procedures 

Two  aspects  of  the  amalyels  of  solutions  containing 
hydrogen  peroxide  are  clearly  differentiated:  It  !|.s  of  importance 

to  be  able  to  detect  or  to  determine  the  hydribgen  peroxide  content 
of  such  solutions,  whether  present  in  inlnute  proportions  or  as  the 
major  component  of  the  mixture;  and  also  to  establish  the  presence 
of  Impurities  or  additives  In  dilute  or  oonoantrated  hydrogen 
peroxide  solutions,  eapeclally  such  subetanoes  as  are  known  to 

^ Instability,  of  the  solution.  The  first  of_th^e  requlre- 

^^ffien%^B-'te-m^t~l7y"^h^appiinat/lnn~of”varlT)UB"s!tan4ard-q[ualita^ 

Methods. anily ale  fbr  Wy  exbe^^ 

oentratitoni  of  lyrdrogen  jperoxiie;  and  evep  Ter  euoh  very  dilute  solu- 
tions ceftftlh_aensltive  color  reactions,  described  below,  are  avail- 
able for  _the  detection,  and  in  some  cases  for  the  estimation,  Of  the 
quantity  of  hydrogen  peroxide  present.  In  .|the  following  seotlDns 
the  qualitative  and  quantitative  procedures  which  have  been  developed 
for  the  analysis  of  hydrogen  peroxide  solutions  are  described,* 

QUALITATIVE  ANALYSIS  : 

Of  the  various  reactions  which  may  be  employed  for  the 
detection  of  hydrogen  peroxide,  or  of  a peroxy  compound  which  may 
yield  hydrogen  peroxide,  a number  of  color  testa  have  been  sug- 
•rested,  some  of  which  are  of  high  sensitivity.  For  example,  the 
orange  color  which  Is  developed  by  titanic  acid  In  the  presence 
of  hydrogen  peroxide  ie  characteristic  and  delicate  (1). 

Tltaniua  sulfate  solut.lons,  prepared  from  commercial 
titanium  sulfate  ( empli  ically  written  aa  TiOSO|^,  containing  abau'- 

* An  early  comprehensive  account  of  the  analytical  aspects  of  hy- 
drogen peroxide  may  be  found  In  "Untereuchungeimethoden  des  Wasser- 
stoffperoxyds, " by  L.  Rlrckenbach  In  "Die  ChemlBche  Analyse,* 

Vol„  VII,  B„  M.  MaTgoachBfl,.  Ed,,  St-attgart; , F..  EuKe  1909. 
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20^  TlOg)  "by  shaking  with  an  equal  weight  of  water  and  filtering^* 

Is  perhaps  the  most  oommonly  used  reagent  for  this  purpose  and  as 

little  as  1 or  2 p.p.ai.  of  hydrogen  peroxide  can  he  detected  hy 
the  yellow  color  produced  by  an  acidified  hydrogen  peroxide  solu-' 

tlon.  The  color  has  been  ascribed  to  the  formation  of  such  an  Ion 

as  [TlOjCSOpjJ*  (2).  This  reaction  has  been  employed  also  as 
— the  basis  of,  a quantitative  procedure,  with  the  aid  of  a photo™ 
^eotrlc  colorimeter.  One  mioroohemloal  form  of  this  test  for 
hydro gen" peroxide  desoribed  by  Berisso  and  Aqulsso  (3)  employe 
a 10)8  11(802^)2  solution  ,ln  6 N HgSO^^  and  pure  amyl  alcohol.  On  ■ ^ 
shaking  3 ml  of  each  of  the  two  liquids  together  and  allowing  the 
two  layers  to  separate,  1 ml  of  the  alcoholic  layer  Is  transferred 
to ‘another  tube  and  a drop  of  the  hydrogen  peroxldeleolutlon^^added^ 

The,_yjllow  color  of  peroxytitani^o  acid  Is  very  sehsltlTe  and 

wp^lf  £dh„ 

the  ;^e|ipw,ppinr  with,- 

ie  not  produced  by  oaone-  (4)  HoMIrith^piMxyeuilfa^ 

The  quantitative  application  of  this  test  ii  described  below.  ]The 
__  yellow  color  does  not  fade  out  quickly,  in  contrast  with  oertalln 
other  oolpred  compounds  of  looker  stability,  such  ad  the  blue  peroxy- 
ohromlc  aCld,  whloh  has  been  much  used  for  the  same  purpose.  In 
thls  latter  test,  a few  drops  of  a dilute  solution  of  potassium 
bichromate  are  added  to  a test  tube  containing  about  a milliliter 
of  the  solution  to  be  tested  (acidified  with  a few  drops  of  dilute 
sulfuric  aold)  and  several  milliliters  of  ether.  On  shaking,  a 
blue  color  developing  in  the  ether  layer,  attributed  to  peroxy- 
ohronio  aoid,  HCrO^,  indioatee  the  presence  of  hydrogen  peroxide 
in  the  test  solution.  There  ie  disagreement  as  to  whether  or  not 
the  test  is  given  by  ozone;  but  In  the  absence  of  the  latter  it 
may  be  relied  upon  for  the  detection  of  about  0.2  ng  of  hydrogen 
peroxide  in  the  oonoentration  of  about  0.001)8. 


if 
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* Alternatively,  commerolal  TIO,  may  be  fused  with  I5  - 20  parts 
of  £2820,^.,  and,  after  cooling,  the  fuelon  may  be  dieeolved  in 

cold,  dilute  sulfurlo  aoid. 
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Another  sensitive  color  reaction  Is  the  so-called 
Schern-Schellhase  reaction  (6),  In  which  a blue  color  results 
from  the  interaction  of  a freshly  prepared,  alcoholic,  dilute 
solution  of  gtialaoum  resin,  oontalnlng  diastase, with  hydrogen 
peroxide,  which  is  said  to  be  detected  In  dilutions  up  to  50 
million  parts  of  water.  This  reaction  has  been  applied,  e..£. , 
to  the  detection  of  hydrogen  peroxide  In  milk  (7).  Other  oxi- 
dizers, however,  such  as  ozone,,  chlorine,  or  nitrous  add,  also 
give  the  color  with  gualaoum  tincture,  even  without  addition  of 
diastase. 


One  of  the  very  8endjtiv:e_qualltatlve  tests  for  hydro- 
gen peroxide  Is  the  decolorizing  of  b.laok  lead  sulfide,  forming 
^hlte _^ead  aulfate._  Application Jhaa  been  made  pf^ this  reaction 


An  a mlcroohemlcal  teat,  in  which  lead  aulf Ida.  Is  formed  on 


lead  .aoetate  solution  fo-3|lowad  by  a-  solution  of  h-y.toogen  sulf.Me 
Applloati^h  Qf-_a_  aclutloh  oontalnlhg  iLeaa' "tha^  DTd'Oi  ag  hydro~^'' 


peroxide  to 'the  printing  paper  results  in  a lightening  of  the  . 

■00 lor  of  the  lead  sulfide  (8).  Further  ri^flnements  of  this  test;  (9) 
are  reported  capable  of  deteotihg  O.Ul  (l  x 10"^mg)  hydrogen  per-  , 
oxide  in  a limiting  concentration  qfj^l  in  5 x lO*^  p^b.w;:  of  solu- 
tion. The  teat  will  also  be  given  by  other  oxidizing  agents. 


~ The  reducing  as  well  as  the  oxldTzlngoharaoterl sties 
of  hydrogen  peroxide  have  been  drawn  upon  for  the  detection  of 
this  substance.  Thus,  Felgl  and  Frankel  (10)  describe  several 
spot  teats  for  hydrogen  peroxide, including  its  reducing  action 
upon  a dilute  mixture  of  ferric  chloride  and  potassium  ferrl- 
cyanlde,  resulting  In  the  formation  of  Prussian  blue.  As  little 
as  0.0001  mg  of  hydrogen  peroxide  can  be  detected  in  tlrils  way  in 
a concentration  not  much  above  1 part  per  million.  Reduction  of 
solutions  of  gold  salts,  yielding  blue  or  red  colloidal  solutions 
of  gold,  Is  employed  In  another  test  of  approximately  equal  sensi- 
tivity. Similarly,  hydrogen  peroxide  reduoes  nlokel(III)  oxide  with 
a consequent  lightening  of  the  color,  and  a mloroohemloaX  test, 
depending  upon  this  effect,  is  said  to  be  capable  of  detecting  as 
iittle  as  10“^  mg  of  hydrogen  peroxide  in  a concentration  of  0.2  p.p. 
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Certain  of  the  colorimetric  methods  vhloh  have  been 
adapted  to  the  quantitative  determination  of  hydrogen  peroxide 
are  mentioned  be]^.  Another^ J.^terestlng  qualitative  test  for 
hydrogen  peroxide  depending  upon  the  lumlneacence  produced  In 
the  presence  of  lumlnol  reagent  (3-amlno  phthallc  hydrazlde) 
catalyzed  by  hemln  was  flrat  observed  by  GHeu  and  Pfannstell  (11) 
and  was  discussed  by  Langenbeok  and  Huge  (12),  and  also  by  Stelg- 
mann  (13).  The  reagents  employed  by  Stelgaann  oonals'^d  of  solu-  ' J 
tlona  of  lumlnol  and  of_ ouprlo  sulfate  and  a fresh  solution  of  ! 

sodium  peroxydlsulfate,  Na^Sj^Og.  A mixture  of  the  three  solutions 
In  appropriate  quantities  shows  luminescence  with  as  little  as  -1 

0.2  3 (2  X 10  mg)  of-hydrogen  peroxide.  The  test,  however,  Is  | 

liot  completely  specif  rcTTas  othar  8Ubatandes,“  fluoh  w peroxybenzolo 

-acid  and  amniPhlum  perpxy sulfate ar e-^abla_t  b__phoduoe_chemlitimineB~ '1. 

"pCPP®  ^lio7^t1hbu]g^  higiriiiiiitidhi  0 ~ 

Othsf -or  08111$  ttvs  TBst hods  ^f-  t^  ^ 

“oxlie"  based"  upon  iurnlhe'swnce-pKeho'meha  were  dlBous^ied-  by  

Sohales  (14).  , 

A sensitive  color  test  for  hydrogen  peroxide  which  can 
detect  0.2’  mg  of  hydrogen  peroxide  per  liter  and  deeorlbed  by 
0.  Denlges  (I5)  depends  upon  the  facts  that  In  liunmonlaoal  solution 
ferrlcyanide  is  reduced  ta  ferrocyanlde  with  liberation  of  oxygen 
and  that  orange  Ag2Fe(0N)g  Is  readily  soluble  In  dilute  ammonlacal 
solution,  whereas  white  Agi^Fe(0N)g  Is  insoluble.  A reagent  con- 
taining silver  ferrlcyanide  dissolved  in  ammonlaoal  .solution  re- 
acts with  a solution  containing  hydrogen  peroxide  forming  a white 
turbidity.  Silver  ferrocyanlde  crystals  present  a characteristic 
cruciform  appearance.  If  the  peroxide  concentration  Is  very 
email,  5 ^0  10  rain  standing  may  be  required  for  the  turbidity 
to  appear.  Somewhat  similarly,  the  reduction  of  the  f errloyanldes 
of  copper  or  zinc  was  suggested  by  Kohn  (16)  as  sensitive  reac- 
tions for  the  detection  of  hydrogen  peroxide  by  meane  of  a color 
change. 

The  familiar  color  test  for  hydrogen  peroxide  depending 
upon  the  formation  of  blue,  ether-soluble  peroxychromlc  acid  has 
been  made  still  more  sensitive  by  the  uee  of  dlphenylcarbazlde 
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which  reacts  with  the  peroxychromlc  add  to  produce  a reddish 
violet  color  In  the  ether  layer,  whereas  the  blue  peroxychromlc 
acid  may  be  hardly  visible.  As  little  as  5 x 10“^  g of  hydro- 
gen peroxide  In  5 to  10  cc  of  liquid  "may" be  “detected  in"  this  “ 
way  (17). 

A highly  aenaltlve  spot  test  for  hydrogen  peroxide, 
in  which  o-tolldlne  in  the  presence  of  Fe'*^^glvea  a blue  color 
with  aa  little  as  0.025  ^ of  hydrogen  peroxide  In  a dilution 
of  1:24,000,  was  reported  by  L.  Kul'berg  and  L.  Matveev  (18). 

Another  sensitive  spot  tea|  for  hydrogen  peroxide  (19) 
employe  oeroua  sulfate  solution,  which  is  converted  by  an  ex- 
cels a of  potassium  carbonate  solution  Into  a somewhat  soluble 
double  sal^,  with  the  Interuiediate  preolpltatiolT  of  oeroua"  oar- 

apbt  plate  with  a.  solution  containing  hydrogfn  porex^  dfy.elopB~ 

A the_oei^m^l)f'  oiXldlzed.  ‘ " 

A color  reaction  said  to  be  capable  of  detecting 
of  free  hydrogen  peroxide  In  ether  is  described  by  Stamm  (20). 

It  consists  of  the  reducing  of  an  alkaline  solution  containing 
phenolphthalein  by  means  of  zinc  dust,  and  addition  of  a drop  of 
the  diluted,  decolorized  solution  and  a drop  of  a dilute  ouprlo 
sulfate  solution  to  ab'-ut  1 ml  of  the  ether  sample.  A pink  color 
developing  at  the  contact  zone  shows  the  presence  of  free  hydr - gen 
peroxide.  A similar  reaction,  somewhat  slower.  Is  sbown  by  some 
organic  peroxy  compounds,  as  bis(hydroxyeth7l)  peroxide.  Leooq  (21) 
has  also  studied  the  application  of  phenolphthalein  to  the  detec- 
tion of  hydrogen  peroxide. 

Other  substanoes  which  have  been  applied  to  the  detection 
of  hydrogen  peroxide  are  tetramethyl-£-phenylenedlamlne  (22),  ben- 
zldcr.c  dihydrochloride  (23),  2, 7-dlamlnof luorene  (23)  and  vanil- 
lin (24), 

The  necessity  for  distinguishing  between  hydrogen  per- 
oxide and  various  other  oxidizing  substances  has  resulted  in  the 
development  of  a number  of  spot  tests  for  gas  phase  reactions  which, 
when  applied  In  a comparative  manner,  make  possible  the  distinction 
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of  hydrogen  peroxide  from  fluorine,  oxygen  fluoride,  ozone  or 
certain  combinations  of  these  substances.  Davis,  ^ (25) 

employed  six  spot  testa  as  indicated  In  Table  1,  In  which  "NR” 

Indicates  no  reaction.  ■ ■ 

Mellor  (26)  cited  a number  of  distinguishing  tests 
for  hydrogen  peroxide,  ozone,  chlorine  and  nitrogen  dioxide 
which  are  outlined  In  Table  2.  In  addition  to  the  reagents 
shown  In  Tableei  1 and  2 mention  may  be  made  of  the  following 
procedures.  Kaiser  and  MoMaster  (2?)  reported  that  If  a mix- 
ture of  ozone,  hydrogen  peroxide,  chlorine  and  nitrous  oxide 
la  passed  through  a solution  of  potassium  permanganate,  ozone 
alone  escapes  unchanged,  and  can  be  shown  to  react  with  starch- 
potassium  Iodide-reagent  In  the  usual  way.  “■  -4 

. _ ; 3 

“r--  -- — - - 8;uallfljply  | ::l^^-nliEti«*e  -of  --^ 

Is  passed  through  oonaentrated  chromic  acid  solution,  .thf  hy<^cj^^^  j_ 
peroxldi  la  dedbffipdted;,  W tht'  baomi  /lB  hbt  eet^‘l  28) ^ j ' j 

In  this  oonheotlbh/ although  ozone  and  water  have  been  -! 

described  by  some  authors  ai  forming  hydrogen  peroxide  and  by  others  i 
as  being  without  interaction  (Ref.  26,  p.  903),  enough  doubt  re-  : 
mains  so  that  a proposed  distinctive  test  for  hydrogen,  peroxide 
which  Is  not  believed  to  be  jhown  by  ozone  must  be  used  with 
caution. 

The  related  problem  of  establishing  by  suitable  teste 
the  presence  of  the  peroxide  structure,  both  In  the  case  of  Inor- 
ganic peroxy  compounds  and  more  particularly  in  the  extensive 
field  of  organic  peroxides  and  other  peroxy  compounds,  has  not 
been  solved  to  date  In  a completely  satisfactory  and  unequivocal 
manner. 

In  this  connection,  a distinction  in  the  behavior  of 
hydrogen  peroxide  and  organic  hydroperoxides,  pointed  out  by 
Gadle  and  Huff  (29),  la  to  be  found  In  the  relative  ease  with 
which  they  interact  with  a solution  of  potaeslum  iodide  In  the 
pH  range  of  4 to  7.  The  times  required  for  a known  quantity  of 
the  different  peroxides  to  react  with  a known  amount  of  potaealuro 
Iodide  at  were  measured  by  these  authors;  who  found  that, 
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TABLE  1 . 

SPOT  TESTS  FOR  DETECTION  OF  VOLATILE 
OXIDIZINO  SUBSTANCES 
FROM  DAVIS  el  al.  (25) 


Reagent 

''2 

F^O  1 

°3  - I 

^2°  2 

HP  ■ 

Tetrabase 

green- 

Violet  i 

violet 

NR 

NR 

paper 

blue 

- 

Benzidine 

green- 

yellow- 

yellow- 

NR 

NR 

blue 

brown 

brown 

KBr-flu- 

! red 

red 

NR 

NR  i 

nr 

oresceln 

I - . 

i 

— 

Activated., 

i -black,  1 

NR 

black 

NR  1 

. NR 

Agj- . _ 

yellow  J 

i 

Kl-ataroh 

purple  ' I 

purple 

purple 

, purple  1 

, . NR 

. ■ 

1 - Ns  . .!  red 

-■  r..  _ 

bleached  ; 

l -'  --.  

...  

.»v , " " ..  

L . . 

■ * 1 

HP  tO^- 

\ - 

» _ 

I PgO+HP  . 

P,0_-l-09-tHF_ 

0 P 2 

Tetrabase 

. Violet' 

Violet 

Ki  violet 

viciet 

'H'olef — 

papexli 

\ 

i 

_ 

— 

Benzidine 

blue- 

dirty 

yellow- 

dirty 

blue- 

green 

1 green- 

brown 

green- 

green 

brown 

1 brown 

brown 

black 

KBr-flu- 

yellow 

rod 

yellow 

j si. red 

1 red 

oresceln 

; 

Activated 

NR 

NR 

NR 

1 black 

light 

Ag. 

1 

brown 

for  example,  90%  or  the  peroxide  had  interacted  In  25  minutes 
In  the  oaaa  of  HgOgj  while  100  minutes  and  130  minutes  were  re- 
quired for  OHjOOH  and  C^H^OOH,  respectively. 

The  differential  determination  of  hydrogen  peroxide  in 
mixtures  of  peroxjTnono-  and  peroxydlsulfurlo  acid  has  received 
considerable  attention  (5,  30,  31,  32,  33,  3**  and  35).  Analysis 
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TABLE  2 

DISTINGUISHING  TESTS  FOR  HYDROGEN  PEROXIDE 
FROM  MELLOR  (26) 


Reagent 

Hydrogen 

Peroxide 

Ozone 

chlorine 

Nitrogen 

Dioxide 

KI  and  starch 

blue 

blue 

blue 

blue 

Indigo  solution 

bleached 

bleached 

bleached 

bleached 

Litmus  solution 

bleached 

bleached 

bleached 

bleached 

Glean  silver  foil 

nil 

blackened 

white  film 

unchanged 

Mercury  bead 

nil 

tail  on 

white 

unchanged 

' ■ . 

“ glass  . 

■ 

OrO^  and  ether 

blue 

nil** 

nil 

nil 

Titanic  acid 

yellow 

nil  - 

nil 

nil 

Tetramethyl  . 

^ii:^ 

violet 

blue 

^ellow~tb. 

base* 

— _ 

— — , . . _ 

brown 

--- 

-unchanged™ 

- dzed 

- ; . - - 

-la  el 

ized  - - 

• . - _ J 

- 

for  hydrogen  peroxide  in  the  presence  of  aliphatic  peroxy  adds 
was  studied  by  Greenspan  and  MoKellar  06).  A procedure  for  the 
titration  of  hydrogen  peroxide  In  the  presence  of  oxalate  was 


recommended  by  Simon  and  Reetz  07).  Quantitative  cnalysls  of 
hydrogen  peroxide  in  the  presenoe  of  aldehydes  and  methanol  was 
studied  by  Wilson  and  LeClalr  (38). 

I 

QUANTITATIVE  ANALYSIS 

The  most  oommonly  employed  quantitative  procedures  for 
the  dotermlnatlion  of  hydrogen  peroxide  includes  (1)  combined 
gravimetric  and  volumetric  analyels,  consisting  of  titration  with 
permanganate,  ceric,  or  Iodide  Ions  of  a weighed  sample  of  the 


^ Tetramethyl  dl-para-dlamldodl phenyl  methane.  Teat  papers  are 
soaked  In  an  alcoholic  solution  of  this  reagent  and  are  used 
moist. 

*♦  Other  sources  report  that  ozone  gives  a blue  color  In  this 
test. 


solution;  (2)  volumetrio  analysis,  consisting,  for  example,  of 
titration  with  solutions  of  permanganate,  oerlo,  or  iodide 
ions  of  a known  volume  of  the  sample,  with  reference  to  a 
density  chart;  (3)  gaaometrlc  analysis,  measurement  of  the 
quantity  of  oxygen  evolved  in  the  catalytic  decomposition 
of  a known  quantity  of  the  peroxide  eolutloh;  and  (4). physical 
procedures,  such  ail  direct  measurement  of  the  density  or  re- 
fractive Index  of  the  solution  In  the  absence  of  other  dis- 
solved materials.  In  addition  to  these  principal  methods  of 
analysis,  which  will  be  described  In  some  detail,  various  other 
procedures  have  been  suggested,  which  will  be  briefly  referred 
to  below,  including  colorimetric  analysis^  and  catalytic  deoompo- 
eltion  proceBses.  Conversely,  it  has  been  proposed  that  the 
detei^ihatloli  of  the  water  content  of  aqueous  solutions  of  hy- 


-drogeif  pe TOXldffTmay  be_.$ig?red:wt  by  titration  with  the  add^ 


of  Jthe  Karl  Fischer  reagent  { composed,  of  loiU^ne.,  ~aul^uy  ddexldeT 
pyridine  and  methanbl) , tbs  end-point"  In^.oated  by"  a 

"c"oloF“due^  an  excess  cf  'ledlne  (39). 


Volumetric  Methods  I _ -v  - " - ,.i  - 

Permanganate  Titration,  This  method  is  one  of  the 
most  exact  and  reliable  of  all  the  procedures  commonly  employed 
in  the  analysis  of  hydrogen  peroxide.  It  le  applicable  both  In 
dilute  and  in  more  concentrated  solutlone  with  a limit  of  sensi- 
tivity of  about  0.1  mg  per  liter.  Organic  or  Inorganic  reducing 
substances  which  are  capable  of  reacting  with  permanganate 
naturally  interfere  with  the  method. 

The  reaction  employed  was  first  observed  by  Brodle  (40) 
and  by  SohSnbeln  (41),  and  confirmed  experimentally  by  the  work 
of  Aschoff  (42)  as  following  the  requirements  of  the  equation; 


ZKMnOji^ 5H2O2  3H2SO4 


KgSO^  + ZMnSO^  SHgO  + 5O2  (1) 


A number  of  Investlgatora  have  concerned  themselves  with  estab- 
lishing the  source  of  the  oxygen  liberated  in  this  reaction, 
whetheJC  It  is  formed  by  contributions  from  both  the  hydrogen 
peroxide  and  the  permanganate,  or  whether  the  hydrogen  peroxide 


alone  yields  the  gas.  Although  evidence  has  been  presented  on 
both  sides  of  this  question,  It  appears  to  be  clearly  established 
that  -the  hydrogen  peroxide  alone  is  the  source  of  the  llbera,ted 
oxygen,  and  that  the  oxygen  originally  constituting  part  of  the 
permanganate  Ion  appears  in  the  products  as  water. 

The  standardization  of  the  potassium  permanganate  solu- 
tion used  for  this  analysis  la  best  oeurrled  out  with  sodium  oblate 
according  to  the  carefully  evaluated  procedure  p_f  Fowler  and 
Bright  (43). 

. Prooedure.  "Transfer  0.3  g of  sodium  oxalate  (dried ' 
at  105°0)  to  a 600  ml  beaker.  Add  250  ml  of  diluted  sulfuric 
acid  (5d"95)  previously  boiled  for  10  to  I5  minutes  and  then 

cooled  to  27  ^ Stir  unti-l-the  oxalate  has  dissolved.  Add 

09  to  40  ml  o7  0.1  N KMnOij,  at  a rate,  of  25  to  35  jnl  per  minute 

wEIlF'ft^lTt‘iTig“BlDir!IEy>T_—^t^taaft4-untll=the-pl-nk-  color- 01  sap« 

pe^''^  ( ab6Ut'  45  tor^55  "tb  -60O&,--  and  -oompla-^  

thi- titration  by  adding  pjs^ahg^ate  dntil_a  ^aiat  pirih  oo.lor_„_- , 
persists  'for  30  ssoeidi.  . Add  ml 

partloular-care  to  allow  eaCtr-dsPOp -to  become  dseolorlasd  before 
the  next  is  introduced, 

"Deterralfte  the  excess  of  permanganate  required  to  Im- 
part a pink  color  to  the  solution.  This  can  be  done  by  matching 
, the  color  by  adding "permanganate  to  the  some  volume  of  the  boiled 
and  cooled  diluted  sulfuric  acid  at  55  to  60OQ.  This  correction 
usually  amounts  to  O.03  to  O.O5  ml. 

"In  potentiometrlo  titrations  the  correction  Is  neg- 
ligible If  the  end  point  Is  approached  slowly." 

The  concentration  of  che  permanganate  titration  solu- 
tion is  conveniently  selected  to  suit  the  strength  of  the  hydro- 
gen peroxide  solution  being  tested.  A 0.1  II  solution  is  service- 
able over  a wide  range  of  peroxide  concentration  other  than  the 
most  dilute  solutions;  but  oonoentratlons  as  high  as  O.5  N are 
often  employed,  with  a corresponding  Inorease  in  the  sample  / 
weight  taken  for  analysis.  As  is  apparent  from  Inspection  of 
the  equation  for  the  reaction,  add  is  required,  which  la  usually 
supnlled  by  the  addition  of  dilute  sulfuric  acid  to  the  solution 
to  be  titrated.  Hydrochloric  acid  or  other  sources  of  chloride 


* If  the  pink  color  should  persist  because  the  permanganate  la 
too  strong,  discard,  and  begin  again,  adding  a few  ml  less  of 
tne  KMnO,,  solution. 
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ion  are  to  be  avoided,  as  the  permanganate  will  also  oxidize 
chloride  Ion  to  chlorine,  and.  the  titration  accordingly  will 
be  subject  to  error.  If  the  presence  of  chloride  cannot  be 
avoided,  and  particularly  If  ferric  ion  may  also  be  preaent, 
it  Is  recommended  that  a manganous  salt,  such  as  the  sulfate, 
be  added,  In  the  presence  of  which  the  oxidation  of  chloride 
by  permanganate  Is  greatly  retarded.  The  presence  of  merely 
a trace  of  manganous  Ion  in  the  titration  solution  furthermore 
exerts  a oatalytlo  Influenoe  upon  the  oxidation-reduction  prooess 
and  ensures  Instant  reaotion_between  the  permanganate  and  the 

reducing  solution.  In  the  total  absence  of  manganous  salt. the 

pink  Qolor  caused  by  addition  of  the  first  few  drops  of  perman- 
_ganate  solution,  added  In  the  titration,  may  require  some  time 

to  fade. out  by  interaotlon  of  the~  permanganate  with  th#  solu- 

■ tie h being  ti trated j-  bulr-ee-  Boon-aB-a-  minimal . 
ban- been Skndi  rrpipb-  edoy  irS 
discharged  inetantly  on  mixing  with  the  so_lutlonv__  — - 

The  presence  in  the  peroxide  solution  of  organic 
.preservatives,  such  as  salloyllo  acid,  glycerine,  eto.,  ob- 
viously may  lead  to.  erroneous  results  by  reacting  themselves 
with  the  permanganate;  and  large  proportions  of  oalolum  salts 
or  of  titanic  aold  have  been  found  to  lead  to  low  results. 

For  the  analysis  of  a concentrated  solution  of  hydro- 
gen peroxide,  e,.£. , HgOg,  proceed  as  follows. 

Procedure.  Into  a weighed  clean,  dry  weighing  bottle 
place  10  drops  (or  not  more  than  0.75  g)  of  the  90}(  hydrogen 
peroxide  solution  and  rewelgh  to  determine  the  sample  weight.* 
Introduce  the  contents  of  the  weighing  bottle,  with  the  aid 
of  a funnel  and  waeh-bottle,  into  a 500-ml  volumetric  flask, 
and  when  the  flask  is  nearly  filled,  gently  mix  the  sample  by 
rotating  the  flask  and  finally  fill  to  the  nark  and  nix 
thoroughly  by  shaking. 

To  25  ml  of  the  solution,  pipetted  from  the  flask 
Into  a 250-ml  Erlennieyer  flaak,  add  1 ml  of  ooncentrated  sul- 


* In  working  with  dilute  eolutlons,  of  the  order  of  a few  per- 
cent of  hydrogen  peroxide,  larger  samplee,  such  as  10  g, 
should  be  taken. 
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furio  aoid.  Pi’ora  a burette  add  0,1  N KMnO^  * at  a 

rate  not  over  O.5  ml  per  second,  Kith  oonetant  stirring.  The 
end  point  Is  considered  as  reached  when  a faint  plnh  color, 
persisting  for  1 minute,  is  attained.  A brown  color,  due  to 
manganese  dioxide,  may  occur  If  the  permanganate  Is  added  too 
rapidly,  or  with  Insufficient  stirring,  or  In  the  presence  of 
a deficient  amount  of  acid.  In  any  event,  such  a sample  should 
be  discarded,  as  the  results  will  be  in  error.  The  weight  pbr-  1 

cent  of  hydrogen  peroxide  is  calculated  from  the  results  ob- 
tained by  this  procedure,  in  which  an  aliquot  of  1/20  is  taken,  - 

by  the  expression!  _ 

_ ‘ \ ' 

Weight  percent  = (ml  KHnOji^)  (Normality  KHnO^^)  x 

( 34. 0) / (w^ght  HgOg  sample  in  grams) ^ ' | 

...•*•  " ■ 

For  routine  and  somewhat  less  accurate  work  the  sample  ' 

-'tta-y-be'  -takan--by -plpette^-^andJzth^’^  deferm'ig¥(?;~b^  

cw^orenca  to  a deniiity^ch^tj*:*  If  the  degree  0^  aoouraoy  ^fcught,, 

^<i\^ireB  It,  4)ib  regard  to  the- change  In  danalty  with  chahgi  of 
temperature ■ffihst  be  exercised.  i 

Vi^lants  of  the  above  procedure  In  which  permanganate 
is  used  include  the  reaction  of  the  peroxide  solution  with  known  ~ ^ 

quantities  of  ferrous  salts  or  of  stannous  chloride,  titrating  the 
excess  of  these  reducing  substances  with  permanganate  solution. 

Or,  the  permanganate  may  serve  to  liberate  gaseous  oxygen,  the 
quantity  of  which  is  determined,  gasometrloally.  However,  in 
the  absence  of  interfering  substances  the  direct  titration,  j 

referred  to  above,  appears  to  be  entirely  satisfactory.  The 
indirect  methods  appear  to  add  little  to  the  efficacy  of  the 
determination.  The  aoou.^‘a<;y  of  the  permanganate  titration  for 
the  estimation  of  hydrogen  peroxide  was  examined  by  Huokaba  and 


♦ A 1.0  N solution  of  KMn04  contains  1/5  of  a Sram  molecular 
weight  per  liter,  so  that  a 0.1  K solution  contains  3.1606  g/1 
of  KMnO/i.  Thus,  1 tal  of  0.1  N potassium  permanganate  oorra- 
sponds  to  1.701  milligrams  of’^ydrogen  peroxide.  Such  solu- 
tions keep  well  for  long  periods  of  time  if,  when  made  up,  the 
solution  is  heated  and  subsequently  filtered  through  a sintered 
glass  filter  before  standardlxation.  The  bottle  should  be  kept 
In  the  dark  or  protected  with  a black  cloth  or  other  light- 
proof covering. 

**  For  this  purpose  It  is  convenient  to  prepare  a chart  of 
normality  as  a function  of  weight  pei’cent  hydroKen  peroxide, 

Iia^nc."  t.l'.fi  T’f'lnt^nn  P i ^ 1.7M.  ” 
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Keyes  (44)  by  comparison  of  tho  results  with  those  obtained 
by  a catalytic  gasometrlc  decomposition  method,  and  good  agree- 
ment, within  1 part  In  ^000,  between  the  two  methods  was  reported. 

lodlmetrlc  Methods.  Somewhat  less  accurate  than  the 
permanganate  method  yet  widely  used,  especially  if  the  hydrogen 
peroxide  solution  Is  not  too  dilute  (1  to  6%),  is  Klngzett's 
method  (45),  In  which  slightly  acidified  potassium  Iodide,  solu- 
tion Is  employed,  (preferably  In  the  presence  of  a trace  of 
^ ammonium  molybdate  as  a catalyst  (46)).  The  reactions  Involved  . 

. are  the  following,  in  which  It  Is  to  be  noted  that  the  Iodide 

ion  acts  as  a reducing  agent: 

+ 2KI  + H^SO^  s ±_  K^aO^  -I-  2H^0  (2) 

- A typleari'prooedure  oonslsts  of '?the  addlUon  of  tbe  pfroxlde 
solution,  appropriately  dilute,  to  50  oc  ot  a 1%  K1  solution, 
aoldifled  with  1 ce  of  1:4  HgSO^  solution,  and  warmed  to  4O°0. 
After  stirring  and  allowing  to  stand  for  5 minutes,  the  Iodine 
liberated  Is  titrated  with  thiosulfate  solution,  with  or  without 
the  use  of  starch  Indicator.  Since  on  prolonged  standing  of  an 
acidified  potassium  iodide  solution  in  contact  with  air  liberation 
of  Iodine  may  be  expected  without  further  added  reagents,  It  Is 
desirable  to  correct  the  results  of  this  lodometrlp  process  by 
means  of  a blank  run  with  a similarly  acidified  potassium  Iodide 
solution  left  to  stand  under  the  oame  conditions  of  time  and  tsm- 
perature. 

It  Is  obvious  that  this  method  oar.not  be  used  in  the 
presence  of  other  oxidising  agents  which  ore  capable  of  liberat- 
ing Iodine  from  an  lodlac,  such  ns  chlorine,  ozone,  nltrlo  oxide 
or  nitrous  acid;  or  of  unsaturated  organic  substances  which  could 
react  with  the  liberated  iodine. 

Other  Volumetric  Methods.  Ceric  sulfate  titration  has 
also  been  recommended.  (47)  for  the  determination  of  the  concentra- 
tion of  hydroren  peroxide  r-oilutlons,  especially  In  the  presence  of 


organic  matter.  It  le  reported  that  In  the  presence  of  peroxide- 
free  ether,  ethanol,  or  a mixture  of  the  two,  the  ceric  ion 
titration  to  the  f erroue-l, IQ-phenanthroline  end  point,  or'  to  an 
electrometric  end  point,  gives  more  satisfactory  results  than 
the  permanganate  titration.  Oerlc  sulfate  solution  can  be  em- 
ployed in  a manner  exactly  analogous  to  the  titration  with 
permanganate,  but  the  end  point  is  somewhat  less  distinct  (19). 
Rhodamine  60t  is  recommended  (48)  as  an  indicator  for  the  titra- 
tion with  oerlc  ion.  - -v  » ~ ^ 

A volumetric  procedure  for  the  determination  of  hy- 
drogen peroxide  which  depends  upon  its  reducing  properties  employs 
an  excess  >;0f  potassium  lodats  solution,  in  the  presence  of  oon- 
siderable  hydrobhlorlo  abld.  The  iodine  ^ib.e^ted^s  oxidized  ^ ~ 

~to  iodine  fflohgehloride::in"i!heri»pg^  : : 

■the_ pr 08 enpe  pf_a__traoe  of  exoess  -iodate  tho  indioator  ia_djB,oolor-  ^ 
ized.  . The  metMaTls  not  epeoifid  for  hfdM^an  poroiiidtV  laa 
been  employed  with  various  other  reducing  agents,  suoh  as  ferrous 
and  thallous  ions,  thiocyanate,  thiosulfate,  and  bisulfite  ions, 
hydrazine  and  phony Ihydrazlne,  etc.  (49). 

Other  methods  include  potentlometrio  titration  with 
alkaline  sodium  chlorite  solution  (30),  which  is  said  to  be  ap- 
plicable in  the  presence  of  such  peroxy  salts  as  K2S20g, 
or  peroxyphosphatee.  Titration  potentiometrlcally  with  K^Fe(ON)g 
in  the  presence  of  potassium  hydroxide  Was  also  described  by  these 
authors,  while  Singh  and  Malik  (50)  employed  Na2S0^  as  reducing 
agent  in  acid  solution  with  excess  potassium  iodide  in  a potentio- 
metrio  process. 

Denlges  (5I)  also  developed  a volumetric  ferrloyanlde 
method,  Belcher  and  West  (52)  applied  mercurous  nitrate  as  a 
reductimetrio  agent  for  hydrogen  peroxide  determination. 

Sohwioker  (53)  used  an  excess  of  KHSO^  to  reduce  hy- 

* The  dyestuffs  Amaranth,  Brilliant  Ponceau  SR,  and  Naphthol 
Blue  Black  (British  Color  Index  Nos.  184,  185,  246,  respectively) 
may  be  used  as  Indicators.  They  are  not  destroyed  by  high  con- 
centrations of  hydrochloric  acid. 
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drogen  peroxide,  the  resulting  free  eulfurlc  aold  "being  deter- 
mined by  titration  with  sodium  hydroxide  after  addition  of  suf- 
ficient 3^  formaldehyde  solution  to  react  with  the  excess  o3f 
bisulfite.  Van  dsr  Meulsn  (32)  titrated  hydrogen  peroxide  In 
the  presence  of  peroxysulfate  by  osmlc  acid;  followed  thereafter 
by  determination  of  the  peroxysulfate  by  the  ferrous  lon-perman- 
ganate  method.  Potentlometrlo  determination  of  hydrogen  peroxide 
in  the  presence  of  peroxysulfurlo  aolds  was  also  discussed  by 
Islda  and  YuXawa  (33)  and  by  Denisov  (3^).  ^ 


_ A sensitive  and  aoourate  volumetrlo  method,  due  to 

Kneoht  and  Hlbbert  (54)  employs  a dilute  solution  b^f;  tltanous 
chloride,  TlOlj,  whloh  when  added  to  an  apldlf led  solution  oon- 
jalnlng-hydrogen  peroxide,  oauses  a ohajiga^of  color  to  yellow,  7 
Ti&eii^©^ji-esjb-Acanga-Jper.oxy-ti-tinio-aol|^  oolorless_, 

-ab"tbt"psr^^  WTlftni^nBTQ^^^ 

■ tvsfn  d-n.  the  ^b-itirows-  -but 


"the"  titer  of  ^he  titanbus  Ohio  ride  sold  t ion  irast  be  “obntinually 
oheoked  by  means  of  a solution  of  ferrio  ohloride,  prepared  in 
turn  from  a known  qtiantity  of  ferr.ous  ammonium  sulfate.  However, 
Tritton  (55)  found  the  tltanous  ohloride  method  inferior  to  the  . 
permanganate  or  iodimetrio  methods. 


The  tltanous  ohloride  method  may  also  be  applied 
oolorlmetrleally,  and  is  most  effeotlve  in  this  case  for  deter- 
mining small  quantities  of  hydrogen  peroxide  when  present  in 
highly  oolored  solutions,  where  color  changes  oan  be  determined 
accurately.  The  method,  referred  to  below  (under  Oolorinstrio 
Methods)  is  disoussed  by  Reichert,  MoNeight  and  Reidel  (47), 
together  with  an  aooount  of  various  other  methods  for  the  deter- 
mination of  hydrogen  peroxide. 


aaeoroetrio  Methods 

These  methods  are  based  upon  the  measurement  of  the 
volume  of  oxygen  from  a known  quantity  of  a solution  of  hydrogen 
peroxide,  either  by  the  catalysed  deoompoeltlon  of  the  peroxide; 


2H2O2  « 2H2O  + 


(4) 


— -?!sr 
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or  by  Interaction  with  an  oxidizing  agent  such  as  an  acid 
permanganate,  alkaline  ferricyanlde , or  neutral  sodium  hypo- 
ohlorite  (56)  eolutlon:'  ~ ~ 


2KMn0i^+  SHgOg  + a + 2MnB0|^  4-  SHgO  4-  SOg  (5) 

2K^Pe(CN)g  4 2S0H  4 HgOg  s 2Kj^Pe(0N)g  4-  + 0^  (6) 

NaOOl  4 a NaCl  4 HgO  4- Og  ' (7) 

Initha  catalytic  decomposition  prooees  It  will  be  noted  that 
OM  m^le  of  hydrogen-peroxide  yields  but  half  a mole  of  oxygen, 


-whereas-ti^j-reagtlonB  -of— hydrogen  peroxide  with  dxldl jilng  agent s 


-resets  li^  a ITJ' mgIar'''riIitldHfl  1- 


-i 

'.rr 


TV* 


In  the  catalytic  process  the  hydr<^^h~porbxide:ipr^^ 
in  the  sample  may  be.  decomposed  with  the  assistance  oi*..  finely 
divided  platinum  or  silver  or  of  colloidal  solutions  of  these 
metals7  or  of-solid  manganese  dioxide;  the  volume  of  oxygen 
liberated  being  measured  in  a suitable  gas  volumetric  apparatus. 
Catalase  is  often  used  in  biochemical  work  (57). 


Whether  the  oxygen  is  derived  directly  from  the  catalyzed 
decomposition  of  hydrogen  peroxide  or  from  interaction  of  hydrogen 
peroxide  with  an  oxidizer,  the  results  are  subject  to  two  sources 
of  error,  namely,  the  solubility  of  oxygen  in  water  and  the  possi- 
bility of  super saturation  of  dissolved  oxygen  in  the  solution 
employed  or  in  the  confining  liquid  of  the  gas  measuring  apparatus. 
If  a meroury  burette  is  employed,  a milliliter  or  two  of  water, 
saturated  with  oxygen,  may  be  placed  above  the  meroury  menieous 
in  the  burette,  so  that  the  oxygen  collected  may  be  brought  to 
saturation  with  water  vapor  at  the  temperature  of  the  burette. 

One  form  of  an  apparatus  for  gasometric  analysis  is  depicted  in 
Chapter  9.  Mateuura  (58)  proposed  to  determine  the  gas  evolved 
from  hydrogen  peroxide  decomposition  by  measuring  the  amount  of 
foam  (stabilized  with  saponin)  developed.  For  everyday  practice, 
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the  gasonietrlo  method  is  not  frequisntly  resorted  to,  being  less 
convenient  than  some  of  the  alternative  prooedures, 

Colorimetrio  Methods 

The  content  of  hydrogen  peroxide  in  very  dilute  solu- 
tions has  been  estimated  by  several  colorimetric  methods.  For 
example,  the  color  produced  when  a Btaroh-potasalum  iodide  mix- 
ture is  allowed  to  react  with  the  sample  containing  hydrogen 
peroxide  may  be  used,  within  certain  limits,  to  serve  as  an 

index  of  the  peroxide  content  of  the  sample  (59).  Although  of  1 

apparently  high  sensitivity,'  such  a method\ls  open  to  some  un- 
certainty, for  it  is  familiar  that  cLilute  solutions  of  hydrogen 
peroxide  react  but  slowly  with  potassium  iodide;  and,  on  the  j 

other  hand-,  -prolonged  standing  in  oontact-wlth  air  will  bring 

about  ^Bome-_oxidat  ion -of  •iodide  don  -to  free  --—-.r.. 

bT  cdhcent^t ^ydro^n  ~ 

method  fif5i.  A;bW  " 

about  .mg_p,e_r -liter  .—^hs-  inareaseL  in -int  ehalty-df- the  blue — ^ 

color  imparted  to  staroh  by  iodine  when  more  than  1 mg  per  liter  - 
of  iodine  is  liberated  cannot  be  .followed  quantitatively.  f. 

j!  ---.f'  •• 

The  reaction  of  peroxlda  witb  iodide  iohy- followed  by 
spectrophotometry  of  the  resulting  iodine  solution 'at  350  milli- 
miorons  has  been  found  capable  of  detecting  as  little  as  0.3  p.p.m. 
of  hydrogen  peroxide  (60). 

Less  eensitive  is  the  colorimetrio  estimation  of  the  red 
color  of  ferrio  thiocyanate  resulting  from  reaction  of  ferrous 
sulfate  solution  with  hydrogen  peroxide  in  the  presence  of  ammonium 
thiocyanate  (61).  The  lower  limit  of  fleneltlvlty  here  appears  to 
be  about  10  p.p.m.  of  hydrogen  peroxide.  If  the  eolutlon  is  clear 
and  otherwise  transparent  to  ultraviolet  light,  direct  spectro- 
photometry may  be  carried  out  on  hydrogen  peroxide  solutions  at 
concentrations  as  low  as  about  8 p.p.m.  hydrogen  peroxide  (62). 

The  peroxytltanlc  add  test  has  been  adapted  to  a colori- 
metric procedure  for  the  determination  of  small  quantities  of  hy- 
drogen peroxide  in  aqueous  eolutlon  (63).  The  reagent  solution 
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employed  by  Bonet-Maury  (60)  consisted  of  10  g of  Tl(30|^>2, 


50  ml  of  water  and  20  g oonc.  sulfuric  acid,  and  was  allowed 
to  stand  24  hrs  and  centrifuged  to  clarify  the  solution.*  One 
drop  of  Yhe  reagent  added  per  ml  of  solution  tested  developed 
a color  which  was  measured  In  a photoelectric  colorimeter  and 
compared  with  a curve  constructed  from  known  tiuantltles  of  hy- 
drogen peroxide.  As  little  a_s  0.1  mg  of  hydrogen  peroxide  per 
liter  la  said  to  be,  detected  In  this  way. 


Somewhat  less  sensitive  than  the  T1(S0^)2  reagent,  a 
solution  of  vanadium  pentoxlde  in  concentrated  sulfurlo  acid 
has  also  been  used  for  the  detection  of  hy^ogei^eroxlde  (62) . 
The  color  change  is  from  green  to  brown. 


Amlnopyrlne  (65)  has  also  been  proposed  for  the 


^ooXbrJa^rlicJ^ 


4-tber  MBrthedB  of  -AhalveiS 


Several  oth“6r  methods,  particularly  adapted  to  the 
mlorodetermlnatloh  of  hydrogen  peroxide,  may  bo  mentioned  which 
Involve  points  of  interest. 


— Mushar  Higashlno  Doi  (66)  desorlbe  the  use  pf 

ferron  rVag^nt,**  which  forms  a dark  green  complex  with  ferric 
Ion,  but  not  with  ferrous  Ion,  In  the  mlorodeterminatlon  of 
hydrogen  peroxide.  The  amount  of  Pe*  produced  by  oxidation 
of  Pe‘’”’'by  hydrogen  peroxide  Is  determined  and  the  correspond- 
ing amount  of  hydrogen  peroxide  may  then  be  calculated.  Ions 
of  heavy  metals  Interfere  as  well  as  anions  of  oxidizing  or 
reducing  oharaoter. 


The  polarographlc  mlorodeterminatlon  of  hydrogen 
peroxide  (67,  68,  69,  70,  71)  depends  upon  the  faot  that  when 
oxygen  dissolves  In  water  the  polaragram  obtained  shows  two 


* A T1(S0|.),  test  solution  may  also  be  prepared  according  to 
M.  Elsenberg  (64)  by  dissolving  1 g TlOp  In  100  ml  oonc.  H-SOk 
by  heating  15  hrs  at  150°C,  cooling  and'^dllutlng  with  400  ml 
of  water. 

**  Perron  is  7-lodo-8-qulnollnol-5-sulfonlc  sold. 
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plateaus,  one  due  to  reduction  to  the  peroxide  state,  the  second 
to  reduction  of  the  peroxide.  As  little  as  1 In  a 2 ml  sample 
Is  said  to  be  detected  by  this  method. 

0-lgu^re  and  Jaillet  (68)  also  studied  the  polarographlo 
analysis  of  dilute  hydrogen  peroxide  solutions  espeolally  with 
the  purpose  of  ascertaining  the  applicability  of  the  dropping 
mercury  electrode  with  a stationary  platinum  electrode  to  the 
continuous  analysis  of  flowing  solutions;  and  oonoluded  that  for 
this  purpose  solid  mloroeleotrodes  were  of  little  Talui||.  The 
polard'graphle  method  ha's  also  been  applied  as  a oontroi  of  purity 
of  hydrogenvperoxlde  solutions  by  the  detection  of  the  presence 
of  such  Impuritiea-aa  Iron,  lead  and  oopper  compounds  (69),  as 
well  as  to  the  determination  of  the  content  of  stablllzerB,  such 

jr;  - 'S8’*^atannal^x:z:-R®i®®r:S::(,7^-)-deye^^^^  

the  detect  Ion  of~'hy^dgeh  ' the  px^sehce 

'peroxide. ' ' — '■ 

Physical  Methods  of  Anaiysis  ..  . 

i'  For  the  routjllne  determination  of  hydrogen  peroxide  In 

I ' 'ji  ' . 

aqueous  solutions.,  and  in  the  _ahseno-e_o.f__pther_Bolutea,  recourse 

“may  be^tal^n  to  purely  physloal  methods  of  determination,  such 
as  measurement  of  the  refractive  Index  or  demelty  of  the  solution. 
The  refractive  Index  of  the  solution  may  be  quickly  measured,  as 
with  a dipping  refraotometer,  and  the  concentration  of  the  per- 
oxide determined  by  reference  to  available  tables  (73).  The  re- 
sults are  said  to  compare  frvorahly  with  those  obtained  by  titra- 
tion methods.  The  obvious  advantag'^s  of  convenience  and  speed 
In  this  method  with  the  dipping  refraotometer  are  In  psa*t  offset 
by  the  expense  of  the  equipment  required  and  the  faot  that  a 
relatively  large  seunple  le  neoeeeary.  If  the  more  convenient 
Abbe  refraotometer,  which  requires  only  a small  sample,  le  used 
there  enter  the  probleme  of  careful  control  of  temperature  as 
well  aa  protection  against  catalytic  decomposition  of  the  hydro- 
gen peroxide  sample. 

Again,  In  the  case  of  pure  aqueous  solutions  of  hydro- 
gen peroxide,  the  determination  of  the  density  of  the  solution 
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offers  a direct  measure  of  the  concentration  of  the  solution. 
Data  such  as  that  given  by  Huckaba  and  Keyes  (74)  or  the  Data 
Book  of  Becco  Sales  Corp.  may  be  employed  for  this  purpose  (see 
also  Chapter  5) , - It -is  necessary  to  observe  that  in” the  deter- 
mination of  density,  either  pycnometrlcally  or  by  means  of  a 

hydrometer,  formation  of  bubbles  of  oxygen,  oaused  by  deooraposl- 

• 

tlon  of  the  peroxide,  may  introduce  appreciable  error  (75) • 


Infrared  absorption  by  hydrogen  peroxide  Is  not  suf- 
ficiently strong  to  serve  as  a,; satisfactory  basis  for  a method 
of  analysis.  Ultraviolet  absorption  by  hydrogen  peroxide  is 
strong,  and,  although  Beer's  law  does  not  hold  strictly,  reason- 
able accuracy  may  nevertheless  be  achieved  by  this  means.  iiThe 
method,  is  especially  applloable.,.to- the  analysis  of  vapors  ( see 
-5^^  Other  physlo^_j)^operU.ej_.b,ayA  -be.e^^^ 
i_the- ana-lysi8^"of--=hydrbgte=-pe¥o*idi^'-wifttibns  ^ 

of  the  obnoentraW  of  peroxide,  it- eouML  pnly  birniewi'i^ 
purest  samples;  the  presence  of  electrolytic  impurities,  whloh 
affect  the  cond,Uotlvity,  has' been  found  to  bo  prohibitive -(-76)-. 

_ OalvaAlo  cells  have  been  proposed  (77)  for-the  detection  of-  — - 
hydrogen  T)ercxida7  ' 


DETERMINATION  OF  ADDITIVES  OR  CONTAMINANTS 
IN  HXDROQEN  PEROXIDE  SOLUTIONS 


It  is  sometimes  of  considerable  importance  to  establish, 
qualitatively  or  quEintitatlvely;  the  presence  in  hydrogen  perox- 
ide solutions  of  small  ooncentrations  of  various  additives  suoh 
as  stabilisers,  or  contaminants,  especially  of  catalytic  metal 
ions.  It  has  been  indicated  above  that  polarography  may  be  use- 
ful in  this  regard  (69);  for  example,  in  the  detection  of  the 
presence  of  suoh  catalytic  lone  as  ferric.,  ouprlc  and  lead  lone, 
or  In  the  establishment  of  the  presence  of  stannate  stabilizer. 
Alternatively,  a sufficiently  large  sample  may  be  evaporated 
and/or  decomposed,  under  conditions  such  that  the  container 
may  contribute  only  a minimum  of  material  (and  that  of  known 
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! 
j 

■ composition*)  to  the  residue  obtained,  which  la  then  examined 

flpeotrosooploally . If  deoompoaltlon  of  the  hydrogen  peroxide 
eample  Is  permitted  to  occur  during  the  evaporation  of  the 

Bplutipn,  care  rau_B_t  ta^e_n  that  the  spray  attending  the  _ 

decomposition  does  not  entrain  sizable  quantities  of  the  dis- 
solved material,  which  then  will  be  lost  from  the  final  residue 
to  be  submitted  for  analysis. 

such  a non-volatile  residue  may  be  expected  to  vary 
somewhat  with  the  concentration  of  the  peroxide  solution  em- 
ployed. In  the  case  of  a-3^^  fl^^l'itlbn,  the  D.  S.  Pharmacopoeia 
XIV,  p.  286,  speolfies  that  a n_p.h-volatlle  residue,  obtalned_ 
by  eveiporatlng  20  oo  of  the  solution  to  dryness  on  a water  bath,^ ' 
1 followed  by  drying  at  IO5®  for  1 hour,  should  not  exceed  30  mg. 

7 “■  ““  SeavylmeTals  should  “be  p^sent^n  ambunts  hot  exceeding  5 p^p.m., 

500  p-.,p.m.-  Is  iplaoed  on  the  preservative  used  in  sjablllzlng  the 
solution.  JPhe  acidity- .the -solutl^bh-  should  be  aboh  that  h^ 
over  2*5  ml  of  0.1  N sodium  hydroxide  is  required  to  neutralise 
25  00  o|  the  peroxide  solution.  Slightly  different  limits  afe  .. 
set  for,  30jJ  hydrogen  peroxide  in  the  specifications  given  by 
the  American  Chemioal  Society  (78)  for  reagent  chemicals.  Pro- 
cedures are  given  (78)  for  testing  for  organic  residue,  nitrate, 
chloride,  phosphate  (79),  sulfate,  ammonium,  heavy  metals,  and 
iron.  Fluoride  and  oxalate  also  are  sometimes  determined.  Deter 
mlnatlon  of  silloa  in  hydrogen  peroxide  (80)  is  of  Importanoe  in 
bleaching  operations. 


I - 

i * It  is  clear  that  even  If  the  container  oonslete  of  suoh  inert 

materialB  as  high-purity  aldminum  or  a borosllloate  glass,  some 
slight  plok-up  of  these  materials  by  the  solution  is  Inevitable. 
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chapter  eleven  _ 

USES 

The  first  commerolal  usee  of  hydrogen  perp:x:lde  were  ae 
an  antiseptic  and  as  a bleaching  agent,  particularly  for  substances 
of  animal  origin  such  as  hair  and  Wool,  »|rhlch  are  easily  harmed  by 
other  bleaching  agents.  However,  until  _19 TO,  hydrogen j peroxide  .. 
was  manufactured  exclusively  from  barium  peroxide  and  the.  low  sta^ 
blllty  of  the  product,  plus  the  high  cost  associated  with  handling 

, ’i-  _ 

and  tranaportlng  the  low  oonoentrattonsipro^p.ucod  (up  to  , about  5 wt  . 
a e vere  ly'4-lmii  ed^ t s appllcat l-ons . The 
’ whTch  largely  suppiante^  the  barium  peroxide  prooesiBes  in  the  major 
ihiuetrlai  nations  during  the  period  1910^1925 r involve  .va^ 
of  hydrogen  peroxide  as  it  is  formed  by  hydrclyBia  of  a peroxy  com- 
pound, followed  by  fractional  oondenBation\of  the  product.  AS  a 
conaequenceT  “a  much  purer  product  of  higher  .stability  and  higher 
cTonoentratlon  was  produced  which  led  to  increasing  adoeptahoe,  In 
non-military  applications,  the  principal  ooneumption  of  hydrogen 
peroxide  has  been  and  continues  to  be  as  a bleaching  agent.  Sub- 
stances of  animal  origin  are  most  commonly  bleached  with  hydrogen 
peroxide.  In  the  bleaching  of  celluloeio  materials,  hydrogen 
peroxide  has  been  gradually  replacing  or  supplementing  use  of 
hypochlorites.  Thus  in  1952  most  of  the  bleached  cotton  cloth  in 
the  United  States  had  been  treated  with  hydrogen  peroxide,  either 
as  the  sole  bleaching  agent,  or  as  an  antlohlor  following  hypo- 
chlorite bleaching.  In  the  last  few  yaeu’e  there  has  developed  con- 
siderable use  of  sodium  peroxide  and  hydrogen  peroxide  In  the 
bleaching  of  groundwood  and  to  some  extent  to  supplement  use  of 
chlorine  and  hypochlorite  in  bleaching  of  chemical  pulp.  Increas- 
ing amounts  are  also  being  consumed  in  the  manufacture  of  organic 
chemicals.  Very  large  quantities  of  concentrated  hydrogen  perox- 
ide were  used  during  World  War  II,  particularly  by  tiermany,  as  a 
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propellant.  Thebe  and  other  uses  are  dlscuesed  In  more  detail 
below. 


Figures  on  the- world  and  United- States  production  of 
hydrogen  peroxide  are  given  In  Chapter  3*  United  States  produc- 
tion In  1951  was  approximately  three  times  that  in  19^t'5 
about  ten  times  that  in  the  period  1915-1930.  Little  quantita- 
tive Information  is  available  on  the  end-use  of  hydrogen  per- 
oxide. A U.  5.  Department  of  Commerce  report  In  19^7  (1)  gave 
the  following  relative  distribution  of  uses  of  hydrogen  peroxide 
In  the  United  States  during  Worl^War  II.—  , 


TABLE  1 

- - ■ RELATIVE  USES  OF  HXDROOEN . PEROXIDE 

-I K“THE  UNITED  8TATES7  -■ 


NonHMl.lli;jftry 


Textiles 

35.3 

Chemical  Frooeeslng 

9V3 

/ Resale  and  small  orders 

13.0 

Miscellaneous 

8.5 

' Drugs  & Cosmetics 

Jhl 

Total  of  Non-rollitary  uses 

70.0 

Military 

30.0 

The  classifications  are  somewhat  vague  but  It  is 
indicated  that  the  textile  Industry  le  the  moot  important  non- 
mllltso'y  oonsumer  of  hydrogen  peroxide. 

Another  report  in  1946  (2)  Indicated  that  at  that  time 
20  - 30JJ  of  the  bleached  cotton  was  bleached  by  hydrogen  peroxide, 
65  - 75%  by  hypochlorite  and  about  5JJ  by  both.  However  It  le 
known  that  the  Introduction  of  continuous  bleaching  processes 
using  hydrogen  peroxide,  particularly  since  1946,  has  displaced 
most  of  the  use  of  hypochlorite  Indicated  above.  In  the  United 
States,  the  amount  of  hydro,  en  peroxide  consumed  in  the  bleach- 
ing of  wool  Is  small  relative  to  Its  use  with  cotton,  although 
the  opposite  is  true  in  Great  Britain.  The  dletrlbutlon  of  uees 
of  hydrogen  peroxide  during  recent  years  hae  been  estimated  by 
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Kauffmann  (3)  to  be  approximately  ae  follows: 


TABLE  2 


DISTRIBUTION  OF  USES 

OF  HYDROGEN 

PEROXIDE 

Consumed  By; 

124Z 

li^ 

mk 

Textile  Industry 

70% 

60% 

55% 

Other  Industry 

30% 

^P% 

M% 

Consumed  For; 

if 

Bleaching 

78% 

$6%  -3/ 

?of 

Other,  Purpo^ses  _ 

22% 

20%  - 

30% 

. ' - 1 

-- 



■ •. 

.j  \ Imports  of  jiydrogen  peroxide  Into  t he  United.  .St^te s 

Ijrrave^been  relatively  minor  in  amount-,  for  at  .least  the,  l.ast  twenty 
iiof -feri  --yeare^t — ^Pop-“Bxanipie7"d\i-rlhg  the  fteeftt-  per  led 
-va'iae  of-^  -lopop'r6  leifB 

year, '”aV  indicated  by  the  fact  that  hydrogen -peroxide  was  not 
" listed  in  the  U.  8.  Bureau  of  Census  report  covering  this  period. 

The  1952  U,  S.  selling  prices  for  hydrcfgen  peroxide  in 
- commercial  quantities  are  quoted  in  Table  3 W * _ “ 

TABLE  3 

BELLING  PRICES  OF  HYDROGEN  PEROXIDE,  1952 

Price  per  pound  of  Price  per  pound 


. , wt . % 

aqueous  solution 

of  contained 

3 

$0,037  - 0.05 

$1.25  - 1.66 

27.5 

0.175  - 0.195 

0.635  - 0.705 

35 

0.207  - 0.235 

0.595  - 0.67 

90 

0.67  - 0.75 

0.745  - 0.835 

The  average 

selling  price  of  27  - 

35  wt.  % hydrogen 

peroxide  solutions  at  New  York  has  varied  between  |0.55  and  $0.70 
per  pound  of  contained  hydrogen  peroxide  during  the  period  1940  - 
1953.  The  U.  S.  Census  of  Manufacturors  for  194?  quotes  the  value 
at  the  plant  of  27.55S  solution  as  tO.515  per  pound  of  contained 
hydrogen  peroxide. 


The  various  applications  of  hydrogen  peroxide  are 
baaed  upon  several  Important  properties,  as  follows: 

(1)  Oxldl zing  agent . In  this  capacity  It  serves  as 
(a)  a bleaching  agent  and  antlohlor.  Since  this  use  accounts 
for  the. major  portion  of  hydrogen  peroxide  consumed,  it  will 
be  discussed  in  a separate  section  from  other  uses  as  an 
oxldlzlniji;  agent.  Other  uses  are  as  follows:  (b)  as  an 

oxldlaer  for  vat  dyes,  and  as  a hypo  eliminator  In  photog- 
raphy;  (c)  In  the  separation  of  metals  by  selective  oxida- 
tion, (d)  as  an  analytical  reagent,  (e)  as  a depolymerlzlng  _ • 

agent  In  the  modification  of  resins, . adhesives,  soluble 
starch,  etc.,  and  (f)  In  paper  de-lnklhg.  / — — --  

(2)  Source  of  Energy.  Concentrated  solutlons^'ot  hy- 

o&n-^t&rva-aB  a hl^^y:^.cQmpaort„^80A»(c»~^^  ' . 

'.-/--^nerfy^rfrleastd  eiltfe  dacumpO:a^tiett^^^ 
with  fuel.  ■ ■ . — -ij— 

(31  Oae  Formation  on  .'Decompo edition.  Dilute  Isolutlonfl 
may  be  used  as  a leavening  agent  in  baking  and  as  a’  foam- 
f — “ing  agent  in  ,th«>  manufacture  of- porous  sub  stance  e such  , as  ^ 
foam  rubber  and  porous  building  materials. 

(4)  Source  of  Free  Radicals.  Hydrogen  peroxide  and  -- 
other  peroxy  compounds  are  used  to  initiate  polymerization 
and  other  reactions  Involving  free  radicals. 

(5)  Effects  on  Blologioal  Processes. 

(6)  Use  In  Chemical  Synthesis,  as  the  simplest  per- 
oxide compound,  hydrogen  peroxide  is  the  starting  material 
for  preparation  of  most  of  the  Inorganlo  and  organic  peroxy 
compounds  and  also  has  a number  of  uses  as  a reagent  in 
organic  chemical  aynthealB. 

These  applications  will  be  discussed  In  detail  In  the 
above  order.  Hydrogen  peroxide  also  acta  ns  a reducing  agent  on 
reaction  with  a few  highly  oxidised  materials  such  as  permangan- 
ates, dlohromates  and  ceric  salts.  In  which  all  the  oxygen  gas 
formed  comes  from  the  hydrogiMi  peroxide.  However,  these  reactions 
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have  no  significant  commercial  application;  they  are  dlecuased 
In  Chapter  7,  Chemical  Properties. 

A considerable  degree- of  interchangeability  exists 
between  hydrogen  peroxide  and  various  other  peroxy  compounds 
in  their  use  In  an  aqueous  medium.  Thus  in  those  cases  In 
which  hydrogen  peroxide  or  HO^  ion  Is  the  active  specie 
hydrogen  peroxide  may  be  added  as  such  and  the  pH  adjusted  to., 
the  appropriate  value,  or  the  hydrogen  peroxide  may  be  formed 
In  situ  from  another  peroxy  compound  by  hydrolysis  or  neutrali- 
zation, e.£.  of-  sodium  peroxide,  or  from  a salt  containing  .. 
hydrogen  peroxide  of  crystallization.  Conversely  _the_ active 
specie  may  actually  be  aMoore  complex  perbxy  compound.,  such  as 
peroxyaoetlc  acid,  , which  likewise  can  be  added  as  such  or  else 
TQrmeO^'^l^'~fr¥m  acetlc~aciCi^d 

f-eit.exaeptions;,  oAhe^jj^^  oomjpqtradr^®^  all  pfrepa^ei  fPpm 
hydrogen  peroxide,  as  dlsouaMd  at  the  end  of  this  chapter. 

The  discussion  below,  dc'ee  not  include  all  the  uses 

• -i 

for  the  varloue  peroxy  compounds|  but  ii  restricted  to  those 
appll cat  1 0 ns  in  which  hydrogen  p'ej»oxJJ.e  as  such  is  used,  or 
has  been  considered  for  use.  ' 

BLEAOHINa 

The  primary  consumption  of  hydrogen  peroxide  is  as  a 
bleaching  agent.  The  action  desired  is  that  of  destroying  or 
bleaching  colored  matter  or  converting  it  into  a form  which  is 
soluble  in  vater  or  in  the  bleaching  agent.  A bleach  may  be 
either  a reducing  agent,  such  as  sulfur  dioxide,  hydroeulfltea 
and  thiosulfates  or,  more  commonly,  an  oxidizing  agent  euoh  as 
a peroxy  compound,  chlorine,  or  oxygen-oontalnlng  chlorine  com- 
pounds such  ns  hypochlorites,  sodium  chlorite  and  chlorine  diox- 
ide. Dlchromatec,  ozone  and  permanganates  have  alec  been  used 
to  a slight  extent  as  bleaches.  In  the  latter  case  the  manganese 
dioxide  formed  is  renoved  by  subsequent  treatment  with  hydrogen 
peroxide,  acetic  add  or  oxalic  acid.  Of  the  other  peroxy  com- 
pounde  w>ilch  are  also  used  as  bleaching  agents,  sodium  peroxide 


may  be  applied  Instead  of  or  with  hydrogen  peroxide  In  wood 
pulp  bleaching  and  paper  de-lnklng.  Sodium  peroxyborate  Is 
sometimes  used  In  commercial  laundries  where  a mll^  bleaching 
agent  la  desired,  or  in  situations  where  bleaching  Is  done 
occasionally  or  In  small  volumes.  Its  uee  as  a "dry  bleach" 

In  home  laundries  has  Increased  raplUly  In  the  last  few  years. 

The,  aqueous  solution  of  peroxyborate  gives  In  effect  solu- 
tion of  hydrogen  peroxide  buffered  at  about  pH  s 10.  \ _ 

The  choice  of  the  bleaching  agent  for  a given  ..applica- 
tion rests  upon_ such  factors  as  relative  costs  of  the  chomloals 
andTof  the  bleaching  operattohs,  efficacy  of  tlie  ^ents,  stability 
oorroalvenese  and  handling  problems,  degree  of  reduction  of 
strength  ol^  'fhe  treated  material,  permanency  of  the  bleaching 

or  printed^  and  also  on  other~leM  tangli^B  effects  such  as  ~~ 
the  *imnd"  and.  appearance  of  the ' bleached  mat  erlair'i^t^ 

-ip-the  case  of  textiles.  In  some  cases,  such  as  with  ootton 
textiles,  th^  material  is  first  treated^with  an  alha^  or  an  _ 
acid  and  the  total  operation  Is  regarded  not  only  as  a bleaoh- 
Ing^prooesB  but“  also  as  a general  purlflcatloh  td  reaoYe" su5h 
substances  as  starches,  fats  and  waxes,  and  seed  husks  or 
other  residues,  which  might  remain  In  the  woven  fibre. 

Little  is  known  of  the  nature  of  the  chemical  reac- 
tions whereby  peroxides  destroy  colored  material.  The  rate 
at  which  hydrogen  peroxide  bleaches  a given  substance  increases 
with  pH,  from  which  it  Is  Inferred  that  the  active  specie  Is 
perhydroxyl  Ion,  HOg,  which  is  formed  by  Ionization  of  hydrogen 
peroxide. 

HgOg  HO”  (1) 

Increasing  the  alkalinity  of  a peroxide  solution  decreases 
the  hydrogen  ion  concentration  and  increases  that  of  the 
perhydroxyl  Ion.  It  Is  well  eetabllshed  that  the  oxygen 
released  by  decomposition  of  a peroxide  in  general  has  no 
bleaching  action  and  may.  In  fact,  be  harmfi)!.  For  example, 
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celluloslc  materials  In  strongly  alkaline  media  are  slowly 
attacked  by  oxygen  with  reduction  in  chain  length  of  the 
cellulose  molecules  and  accompanying  los^ln  strength,  there- 
fore bleaching  operations  should  be  so  designed  as  to  minimize 
decomposition  of  peroxide  into  oxygen  as  is  oaueed,  for  example, 
by  minute  amounts  of  metals  such  as  iron,  copper  and  manganese. 

The  various  kinds  of  materials  which  are  bleached  are 
logically  divided  into  those  consisting  primarily  of  cellulose 
in  contrast  with  those  primarily  of  protein  structure. 

Bleaching  of  Oelluloiaie  Materials  l |i 

Textiles . ^ Essentially  all  belluloslo  fibres,  such  ; as 
cotton,  linen,  jute]' and  rayon  are  bleached  with  either  chlorine - 
-compounds-  or  'hydrogen  per  oxide -or,.-both>  — JJntll  the- 
c ale  fuffl*  hy^ocH^  or  eodlum  liypd^Xp^^  was  th6  ‘ulu^^en^^  '“ 

ue^,-b«caii¥e  ofljhe  relatively  h^^ar  008^  of  h^rofWH  j^  ' 

per'  unit  of  bleaching  power  , and/' the  lack  of  "knowledge  ooncerh- 
Ing  methods  ofiikeeplng  it  sufficiently  stable  in  storage  and  use. 

In  1952  ohemloal  costs  were  approximately  $2.50  - ♦3- 50  for 
peroxide  treatment  as  compared  with  $1.50 — $2.50  for  hypochlorite" 
treatment,  per  thousand  pounds  of  cotton  goods.  However,  hypochlorite 
had  been  largely  replaced  due  to  improvemente  In  techniques  of 
stabilizing  and  handling  hydrogen  peroxide  and  acquleltlon  of  ex- 
perience whioh  showed  the  following: 

1.  Hypochlorite  is  a more  vigorous  oxidizing  agent  than 
hydrogen  peroxide.  Although  equal  degrees  of  whiteness  with 
minimum  loss  in  fibre  tensile  strength  can  be  achieved  with 
either  bleaching  agent,  more  careful  control  is  required  to 
achieve  this  with  hypochlorite  than  with  hydrogen  peroxide.  With 
peroxide,  there  is  less  possibility  of  fibre  degradation  and  loss 
of  strength  by  over  bleaching. 

2.  The  fact  that  the  decomposition  products  of  hydrogen 
peroxide  are  oxygen  and  water  Blmpllflee  necessau^y  treatment 
subsequent  to  bleaching. 

3.  Starting  about  19^0,  two  large  producers  of  hydrogen 


77. 


peroxide  In  the  United  States,  the  Buffalo  Eleotro-Ohemloal 
and  the  duPont  Co. , began  to  introduce  oontlnuous  processes 
using  hydrogen  peroxide  for  large-scale  bleaching  operations 

I 400,000  yards  or  more  In  a 120-houf  week).  Although  the 
capital  Investment  for  this  equipment  is  high,  it  has  smaller 
space  requirements,  labor  costs  are  lower,  and  the  process  uses 
- less  steam,  water  and  chemicals  than  batch  processes  using  hy-  i 

drogen  peroxide.  - 

j - ? \ 

4.  ‘ The  BUltabjill  of  hydrogen  peroxide  fot‘  all  fltires 

makes  It- possible  t;o  use  the  same  .equipment  for  t^arlous  1;;extlles. 

- -5.  iHtydrogen  peroxide  may  be  used  to  bleach  goods  ooll|aini^‘ 
vat  and  other  dyed  yarns  which  wo^'ld  be  harmed  by  chlorine  ; ; 
bleachesi  ^ -I  ' 

" and  a more  permanent  whlte^"  . _ - - • ' 

_ - In  a numbis^r  of  opei^tlons.  hydr&gsn  psfttitlids^is-tte«d 

as  an  •antdohlor*  followlr.g  bleaching  with  hypochlorite.  Goods 
bl|eaohed.  with  hypochlorite  may  slowly  Wrn  yellow  with  age. 

Th;l,s  colors  change-ls -apparently— associated  with- chloroamlnes  — 
which  are  formed  from  hypochlorite  and  the  proteins  In  the  crude 
ootton  fibre.  Subsequent  treatment  with  hydrogen  peroxide  pre-r 
vents  yellowing  by  destroying  the  chloroamlnes,  and  in  so  doing 
has  less  destructive  effect  on  the  fibre  than  an  antiohlor  such 
as  sodium  thiosulfate.  Depending  upon  conditions  of  treatment, 
the  peroxide  may  also  produce  a substantial  portion  of  the  total 
bleaching  obtained. 

The  techniques  used  for  bleaching  celluloslo  fibres 
may  vary  considerably  with  each  different  material,  and  usually 
must  be  developed  by  more  or  less  empirical  methods  for  ahy 
new  substance.  Literally  hundreds  of  different  recipes  have 
been  published  for  bleaching  various  substances,  differing  In 
such  variables  as  time,  temperature,  oonoentratlons,  stabilizing 
agents,  and  kinds  of  preliminary  and  successive  treatments.  Only 
a few  typical  teohnlquee  can  be  given  here. 


The  moBt  Important  oharaoterlstloe  of  the  material 
to  be  bleached  which  determine  its  treatment  are  the  cellulose 
content  and  the  amount  of  lignin  present.  Pure  cellulose  la 
relatively  Inert  to“alltall  In  the  absehee  of  oxygen,  but  lignin 
and  lower  molecular  weight  oelluloslo-type  materials  such  as 
the  heml-oelluloses  are  readily  attacked.  Thus,  the  allowable 
severity  of  the  treatment  of  the  fibre  depends  upon  the  extent 
to  which  lignin  and  other  non-celluloalo  materials  are  present 
and  act  as  cementing  and  strengthening  agents  to  the  fibre. 

“For  example,  cotton,  TWhloh  la  a hlg.hl|y  pure  form  of  oe^ulose, 
can  be  treated  at  elevated  temperature  with  caustic  soda  to 
remove  foreign  Impurities,  such  as  wsfxes,  without  affecting 
the  fibre  strength,  and  it  oan  be  blCaphed  with  hydrogen  per-  ^ 
oxide  under  relatively,: severe  conditions,  suotLss  pH  values  . 

■■=  .^at«r:--and^chaond- 

oWding  to  .their  aellulosa  . content  ahd-th!^^^  of  the 

treatment  necessary,  as  follows:  (I.)  Fibres  oontalhing  over  6$^ 
oeiLduloee  and  low  in.1  lignin  or- peotous  cementing  materials, 
flax.  (II.)  I'ibres  with  cellulose  content  less  than  85j<  and 
lignin  content  between  6 and  iSj^;  Jute,  sisal,  or  phormium 

ten^jx.  (III.)  Fibres  wlth_ ejweptlonally  high  lignin  content, 

^.g.  coir,  with  lignin  content. 

Bleaching  of  materials  which  contain  any  appreciable 
amount  of  lignin  or  other  non-oellulosio  substances  Is  commonly 
carried  out  by  treatment  first  with  hypochlorite  followed  by 
treatment  with  hydrogen  peroxide.  A typical  bleaching  operation 
for  linen  yarn  la  an  example  of  that  used  for  group  I substances  (5)« 
The  linen  is  first  boiled  at  212°F  for  about  3 hours,  using  sodium 
carbonate  instead  of  the  sodium  hydroxide  used  with  ootton.  Thle 
is  followed  by  treatment  with  dilute  calcium  hypochlorite  liavlng 
5.6  g of  active  chlorine  per  liter,  washing  with  0,1  - 0,2}(  sul- 
furic acid  and  then  soaking  for  4-5  hours  in  a solution  at., 

160  - 170°F  containing  about  0.1  - 0.2jg  HgOp  in  addition  to 
sodium  carbonate  and  sodium  silicate.  If  the  linen  is  bleached 
to  a full  white,  the  fibre  la  substantially  weakened  and  there- 
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fore  partly-bleached  grades  are  frequently  produced  and  sold  as 
such.  In  Jute,  a group  II  material,  the  cellulose  fibres  are 
relatively  short  (2-5  and  are  cemented  together  by  the 
lignin  and  hemloelluloae  which,  although  having  little  tensl-le 
strength  by  themselves,  are  responsible  for  most  of  the  mechanical 
strength  of  the  fibre.  Since  they  are  more  readily  attacked  than 
cellulose,  the  bleaching  and  other  treatments  must  be  lees  severe 
than  those  used  for  ootton  or  group  I materials.  A typical  treat- 
ment for  Jute  yarn  would  be  a short  Immersion  In  calcium  hypo- 
chlorite containing  2.5  - 3.0  gm  of  active  chlorine  per  liter 
plus  077  gm  of  sodium  oarbonate^  per  liter,  followed  by  bleach- 

T ■ \ ' . 

lngj,wlt|i^the  same  peroxide  solution  specified  above,  but\ for 
1.5  to” 2 hours.,  A_bleaching_treatment;  recommended  for  oo3.r  is 
as  above,,  except  that  a prellolnarj'  treatment  with  bisulfite  • _ 

1 8 required; - plus.  .a_  f inal  Wsatse ftl e ; ; 

-SjttthPtlo  cellttlcrsa:; ' flbrrl^V^^oh  ai:¥i-to.s4>-.»..rsiry.&R  .. 

and  cellulose  acetate,  reddlr#  fairly  mild  hieaohlng^onditlbns. 
Acetate  rayon  In  particular  Is  subject  to  hydrolysis  at  high 
pH  values.  A t.yploal  bleaching  operation  would  consist  of 
immersion -for  30  --45  m;^nute8  in  a bath  oontalning'.io,l  - 0*2% 
hydrogen  !peroxlde,  plus  appropriate  stabilizers,  the  bath  be- 
ing held  at  160  - 180°F  and  at-a  pH  of  8.8-- 9.^. 

The  major  oonsumptlon  of  hydrogen  peroxide  in  textile 
operations  is  In  bleaching  ootton.  Cotton  may  be  treated  in  a 

I 

wide  variety  of  forms  euoh  as  yarn,  piece  goods,  or  finished 
materials  in  batch-type  operations,  or  In  rope  or  open  width 
form  In  continuous  bleaching  lines.  Batch  operations  are 
usually  carried  out  in  oement-llned  Iron  kettles  called  kiers 
or  In  vats  or  tanks  preferably  made  of  stalnlese  steel.  Tile 
linings  may  oraok  at  the  higher  bleaching  temperatvares.  Pre- 
liminary treatment  of  the  ootton  varies,  but  always  involves 
thorough  cleaning  and  purification.  A typical  hydrogen  per- 
oxide bleaching  solution  will  contain  0.1  - 0.4  wt.  JS  hydro- 
gen peroxide,  about  1^  to  1.5^  sodium  s'Allcate,  ami  sufficient 
sodium  hydroxidii  to  bring  the  pH  to  10. 5 - 11. 5.  In  batch 
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I operations,  the  cloth  will  bo  treated  with  this  solution 

! for  2-8  hours  at  175  - 212°F,  usually  using  some  form  of 

agitation.  For  bleaching  naphthol-dyed  goods  a pH  of 

7.0  - 9.0  Is  used  to  avoid  attack  on  the  dye.  Most  of  the  

cotton  bleached  In  the  United  States  Is  now,  treated  by  a con- 
tinuous process.  In  a typical  Installation  the  cleaned  cotton 
goods  are  saturated  with  a 3 - sodium  hydroxide  solution 
~ and  then  passed  continuously  Into  the  top  of  a hollow  box 

shaped  like  the  letter  J,  which  holds  the  cloth  for  a fesl-  ~ 

- “ denes  time  of  1 to  Ij-ir  hours,  during  which  it  Is  steamed  dt 

I ' 212®P,  The  cloth  Is  continuously  removed  fri^m 'the  bottomVof  v 

the  J-box,  Is  washed,  saturated  with  a bleaching  solution  _ 
containing  about  0.2  - 0.5JS  hydrogen  peroxide,  IJK  to  liji  sodium  - — 

I silicate,  and  0,05  to  0,25Jj  sodium  hydroxide  to  give  a pH  of 

. - Jrn  a^  Operating -speeds  of-,  80  yards 

- 'minute  have  been  <uiQ^d.  ' = - ^ ' 

The  role  of  sodium  silicate,  which  Is  oommonlSr 

added  to  tlis  blfiaohlng  solution,  ia  %any-fold.  .It  aotsi|  as  a _ ■ \ 

■ atabillzer  to  g'edUoe  vaeteful  deoompo'sijlon  0^  hydrogen  per-  j 

oieide  and  also'  as  a huff er  to  hold  the  pH  at  the,  desired  level_.  ' 

llLaddltlpn  It  has  some  detergent  and  penetrant  powers  and  also  ' 
Inhibits  corrosion  of  metal  equipment.  The  optlmum'pH  Is  set 
by  a balance  between  two  extremee;  at  high  pH  values  (above 
about  11.5),  rapid  bleaching  ooours,  but  the  hydrogen  peroxide  \ 

rapidly  decomposes  and  close  control  Is  also  necessary  to,  at- 
tain proper  bleaching  without  fibre  damage.  At  substantially 
lower  pH  values,  the  rate  of  bleaching  becomes  uneoonotnioally 
slow. 

A valuable  bibliography  recently  appeared  (6)  pre- 
pared by  a committee  of  the  American  Aesooiatlon  of  Textile 

I 

I Chemists  and  Colorlste.  It  gives  brief  abstracts  of  all 

I articles  which  were  published  on  textile  bleaching  during  the 

period  1900  - 1950.  It  lists  245  references  pertaining  to 
peroxide  bleaching,  I53  on  hypochlorite  bleaching,  including 


I 
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a number  referring  to  both  peroxide  and  hypochlorite,  and 
321  on  other  chemical  agents  used  in  bleaching  proceaBee,  ap- 
paratus, etc.  More  detailed  Information  on  techniques  of  cel- 
luloslc  textile  bleaching  may  be  obtained  from  these  references,  -7- 
frora  various  hydrogen  peroxide  manufacturers  (7  - 10),  or  from 
bobka  on  cellulose  and  cotton  (11,  12). 

The  bleaching  action  of  hydrogen  peroxide  also  finds 
use  as  a ataln  remover jLnd  laundry  bl.iaoh  In  the  home.  A 20 
to  1 dilution  of  3^  hydrogen  peroxide  In  lukewarm,  soapy  or 
clear  Water  to  which,  aoafe  ammohia  haa  been  added  and  In  which 
clothes  are  soaked  for  30  minutes,  rinsed,  and, dried,  Imparts  r -i 

the  advantages  of  peroxJ.de  bleaching  to  the  home  laundry  (13). 

The  price  JLlfferjential  .and  neoeasity  for  using  two  fluids  has 

• ■ ft  ■ . 

kept  hydrogen  peroxide 'from  competition  with  housja^  

""BMo^piirB-typB"hiOThheerr-b»jrt"  powd^rfed-hWaoheii-ba  — 

.wall  ' ■■  --- 

received  lh  “epl-t»  of  theiT-lilg^ef  - ooeW  - ■ 7 

_ _ Wood  Pulp  Bleaching.  Wood  ponsiste  of  about. 

cellulose;  the  remainder  cohslsts  of  carbohydrates  such  as  pen- 

_;i  ■ ..  ^ ■ "■  ''I  ■ 

tofans  and  hemipeliulosee,  and  non- oarhohydrateiT  such  re  sine";  v 

fate,  waxes,  ll/gnln,  tannins  and  ash. 

Paper  and  paper  products  are  made  from  two  general 

kinds  of  wood  pulp.  Mechanical  pulp,  or  groundwood,  Is  made  by  : 

|! 

mechanical  dlalntegratlon  of  the  wood,  after  reitovlng  the  hark, 
and  contains  essentially  all  of  the  components  originally  present. 

Paper  containing  mechanical  pulp  detex'lorates  rapidly,  particu- 
larly in  contact  with  sunlight  and  air,  because  of  the  lignin 
and  other  relatively  unstable  matbrials  present.  Paper  products 

i 

of  much  higher  stability  can  be  mtide  from,  chemical  pulp,  vn  which 
essentially  all  of  the  non-oarbohydrate  ocmponefits  of  ths;  wood  / 

have  been  removed  by  a ''cooking"  procees  and  subsequent  bleaching 
operations.  Pulps  of  intermediate  composition,  produced  by  less 
complete  treatment  and  known  as  semi  chemical  and  chemlgrciundwood 

■!  f 

pulps,  are  also  mapufaotured  to  some  extent.  Three  chemical  \ 

processes  are  used  for  lignin  removal:  (a)  The  sulfite  process  i 


1 
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uses  a hot  aqueous  solution  consisting  of  sulfur  dioxide  plus 
calcium  bisulfite  or  magnesium  bisulfite.  It  is  usually  ap- 
plied to  coniferous  woods  such  as  spruce  and  hemlock,  (b)  The 
soda  process  uses  a sodium  hydroxide  solution  and  is-usually 
applied  to  deciduous  woods  such  as  poplar,  (c)  The  sulfate 
(Kraft)  process  uses  a solution  of  sodium  hydroxide  and  sodium 
sulfide,  . It  is  applied  particularly  to  pine  and  other  very 
resinous  woods.  The  p|:'oduct_ Is  strong  but  more  difficult  to 
bleach.  ‘ 

— In  each  of  these  chemical  pulplng  procesi^eB  It  Is 


desired  to  remove  a maxlmum.of  the  ligneous  and  similar  materials, 
with  minimum-  degradation  ^t-the  oellulOB©_molecul<ik'ii.  i'Thls  ds  \ , 
best  aoopmpil  shed  by  stopping  the  cooking  process  I before  all  of 


,-t Jie  noa'«cedluloj8l^_jna!u«^  is  removed  and  th^  sbh,) eo ting;  the 

pu^^3^  a”^fxri"caritm”8CTrdkiblTOB 

mo val  of  non-oellulo  sl_o  iTa1?«Fla;l“ittM"^o^^t^^  “oolored  materl|il 
retained  by  tYie  fibre.  This  is  usually  aooompllshed  by  one  of 
two  method6f"  {a)r  Treatment  with  a hypochlorite  solution  (either 


it 


calcium  hypochlorite , or  else  sodium  hypoohlorl_t-e^madej5y_jeAaotj-_ 
Ing  the  calcium  v^alt  with  sodium  oarbonate  or  sodium  hydroxide), 
which  has  a pH  of  8 - 11  In  the  presence  of  the  pulp,  produces 
a cream-colored  paper,  (b)  In  the  so-oalled  two-stage  or  multi- 
stage treatment  the  pulp  Is  first  oontaoted  with  an  aqueous 
chlorine  solution.  (Chlorine  dleproportlonates  in  water  to  form 
hypoohlorous  and  hydrochlorlo  acids  and  gives  a pH  below  ?,.)  The 
pulp  Is  then  neutralized  with  calcium  hydroxide  or  sodium  hydrox- 
ide, whloh  extraote  material  made  soluble  by  the  chlorine.  This 
Is  followed  by  treatment  with  hypochlorite  or  peroxide.  The 
chlorine  and  alkaline  wash  reduce  the  color  relatively  little 
and  are  generally  regarded  as  a purification  step.  Subsequent 
bleaching  Is  particularly  effcotlve  afte^r  such  purification. 

The  alternate  oblorine  and  alkaline  treatments  may  be  repeated 
two  or  three  times  before  tho  bleaching  stage  In  order  to  secure 
a desired  whiteness.  The  amount  and  type  of  bleaching  done 
depends  upon  the  characterlaticij  of  the  wood,  the  cooking  process 
and  the  end -use  of  the  pulp. 
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Many  paper  products  are  made  from  mixtures  of  mechani- 
cal and  chemical  pulps  so  chosen  as  to  achieve  at  minimum  cost, 
the  desired  combination  of  whiteness,  durability,  printing  char- 
aoterlstlofl,  opaqueness  .^strength,  absorbency , etc. , set  by  the" 
end-use  requirements.  For  example,  the  pulp  used  for  newsprint, 
in  which  low  cost  is  the  primary  factbr,  consists  mostly  of 
groundwood;  for  high  quality  book  paper,  mixtures  of  chemical 
pulp  are  used  exclusively.  For  various  Items  of  transitory  use, 


such  as. magazine,  catalogue,  wrapping, - tissue,  and  absorbent 
paper, -mixtures  of  chemical  and  mechanlca]]_pulp  are  used,  The 
bleaching  of  ^ll-these  types  of  pulp  requj^res  much  greater  amounts 
of  purlfloatl^  and  bleaching  agents  per  fjiuantlty  of  material 
treated  than  are  needed  for  textiles.  Slkoe  the  ohemlcai  cost 


for-  hydrogen  peroxide  or  sodium  peroxide  Is  greater  than  for 


^the  hypOchlor^lte  bleaching  solutlonii..!l|iaroxidfti  jian  hST^eoenpaiidailir- 


euffloieiftly--  : 

super! o#  to  tl^t  achieved  with  hypoohidrlte  to  offiat  We'hlghar  ' 
ooSt.  The  almost  Infinite  numbar  of  Variations  lih  rsw  niiterlal 
■and  desired  "properties  of  the  final  product  make  each  of  a variety 
of  bieaohlng  processes  appropriate  under  various  olroumstanoes, 
anft"^make  the  competitive  position  of  peroxide  versus  chlorine, 
hypochlorites  and  other  agents,  much  more  difficult  to  assess  than, 
for  example,  In  cotton  bleaching.  It  Is  evident,  however,  that 
a particularly  Important  application  of  peroxides  is  in  the  bleach- 
ing of  groundwood.  The  most  important  effect  is  that  peroxides 
can  Improve  the  brightness  of  groundwood  much  more  than  the  hypo- 
chlorite bleaoMng  agents  (by  some  10  - 12  Q-.  E.  units*).  This 
makes  It  possible  to  incorporate  a substantial  peroeritage  of 
this  lower-cost  pulp  in  a pulp  mixture,  termed  In  the  trade  a 
paper  "furnish,"  ueed  in  forming  printing  or  tissue  papers,  and 
still  keep  a eatlefactory  brightness.  In  addition  to  its  low 
ooe.t,  the  meohanlcal  pulp  has  certain  advahtages  such  as  In- 


* In  North  America,  paper  brightness  Is  conventionally  expressed 
In  terms  of  the  degree  of  reflectivity  of  light  as  measured  in  a 
standard  machine  manufactured  by  the  General  Eleotrio  Company. 
The  reflectance  of  magnesium  oxide  Is  arblbrarlly  tiUcen  as  100)(. 


creased  opaqueness  which  allows  lighter  weight  paper  to  be  used, 
and  certain  desirable  printing  characteristics,  such  as  bulh 
resiliency.  However,  it  is  important  to  note  that  this  bleaching 
tr_eatment -do_es -not  slgnlf loantly-  lmprove  the  poor  stability  of  — 
mechanical  pulp  to  sunlight. 


By  19 50 1 me.ohanlqal  pulp  was  being  bleached  with  hydro- 
gen peroxide  or  sodium  peroxide  in  24  mills  having  b.  total  capacity 
of  1250  tons/day  and  mlxjurea  of  groundwood  and  sulfite  pulp  were 
being  bleached  with  peroxides  in  several  mllls^  producing  a total 
Of  about  400  tons/day  or  printing  papers  (14)  , ' Elthei?'  hydrogen 
peroxide  or  sodium  peroxide  or  a mixture  of  both  may  he  usedTr 
At  1952  market  prices,  sodium  peroxide  ooetj  about  two-thirds 
that  of  hydrogen  peroxide,  per  mole  of  peroxide  ion.-  To  aohle|e 
the  proper  pH  in  the  bleaching  bath,  .sokiun  peroxide  must  be  . \ 


hand  -8ea;i-urt^4^  .tP:-rJny4^ 

-Ida.  Cdtflfsuenlly— ml^tJiJM!  of  the  tie  perostides 

-avoids  the  necessity  of  uelng  any  additional  ohemloals  except 

stabl-lizing  agentsr-  T _ f ' 

■ .1  ‘ . . ij  • ■ - ■■■■  ■ ■ ■ 

; Ihe-ffiost  economic-use-  of  I peroxides  -wl-th-groundwood-  1 s-  - 

Inl  high  consistency  systems.  The  desired  alkalinity  after  adding 
the  groundwood  to  the  bleaching  solution  is  a pH  of  10.0  - 10. 5, : 
which  will  drop  as  bleaching  proceeds.  Bleaching  time  depends 
upca  the  pulp  conaletency,  temperature,  nlkallhlty,  peroxide  con- 
tent, and  desired  brightness.  A typical  a^t  of  operating  condi- 
tions is  12j6  pulp  consistency,  hydrogen  peroxide  equal  to  about 
1^  of  the  moisture-free  weight  of  the  pulp,  plus  sodium  silicate 
and/or  magnesium  sulfate,  and  a temperature  of  100  ••  110®F  (14). 
Treatment  for  about  two  hours  will  increase  the  brightness  about 
12  S.  E.  units.  Peroxide  bleaching  may  be  carried  out  either 
batch-wise  or  continuously  In  essentially  the  same  equipment  as 
used  for  hypochlorite  bleaching.  Another  technique  used  is  to 
apply  a peroxide  solution  to  -.;he  paper  or  pulp  and  allow  it  to 
eteep  at  room  temperature  for  one  or  several  days.  Thus,  the 
bleaching  may  be  carried  out  during  storage  or  tranaportatlon. 
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In  addition  to  the  usual  precautions  to  avoid  peroxide  decomposi- 
tion, haoterla  growth  must  be  carefully  controlled  in  groundwood 
bleaching  operations  by  additions  of  suitable  Inhibitors,  since 

many  of -these  produce  the  enzyme  catalase  which  actively  de- 

composes  hydrogen  peroxide.  Sodium  hydroaulflte,  NagS^O^,  is  also 
used  for  bleaching  grojindwood;  frequently  It  Is  used  In  series 
with  hydrogen  peroxide. 


Sulfite  pulp  Is  also  being  bleached  with  peroxides  in 
several  ffllllsi  In  ponlunctlon  With  hypochlorites,  but  as  yet 
oommerolal  applications  have  been  limited,  its  moat  common  ap- 
plioatlon  at  present  Is  In  the  manufacture  of  speolallty  papers 
where  extra  brightness'  Is  ;tfsqulred.  ^ Herejthe  bleaching  with 
hydrogen  peroxide  oonstltutee  a final  bleaching  step  after  a 
multi-stage  chemical  jpulp  jileachlng  operation  with  hypo Chlerita 


degradation^  Which  Justifies  the  extra  cost  iftvolvbd.  fh#  per- 
oxide treatmeht  also  provides  improved  pulp  yields  in  the  bleach- 
ing operation,  and  Improved  heat  stability  of  the  bleached  pulp, 

which  Is  Important  In  the  subsequent  paper-maJelng  operations.  

Sulfite  pulp  i^ay  also  be  bleached  with  hydrogen  peroxide  In  a 
single  stage  operation  with  very  high  pulp  yields.  Peroxides 
can  also  be  used  in  conjunction  with  hypochlorite  In  bleaching 
Kraft  pulp.  Here  sodium  peroxide  may  be  used  In  the  extraction 
step  with  sodium  hydroxide.  In  such  use,  sodium  peroxide  is 
cheaper  than  hydrogen  peroxide - 


A competitive  chemical  agent  for  the  final  bleaching 
of  chemical  pulps  is  sodium  chlorite,  NaClO^,  which,  llhe  perox- 
ides, Is  relatively  expensive  but  also  gives  high  brightness 
with  low  reduction  In  strength.  Sodium  chlorite  la  used  In  a 
bath  having  a pK  of  about  3 to  5i,  under  which  conditions  It 
slowly  evolves  chlorine  dioxide,  ClOg,  which  la  apparently  the 
active  agent.  Chlorine  dioxide  can  also  be  used  as  such, 
generated  externally  from  sodium  chlorite  and  aold,  and  then 
absorbed  In  water.  The  disadvantages  of  chlorine  d’ oxide  are 


Its  cost,  corrosiveness,  and  the  fact  that  It  is  a poisonous 
gas. 

Little  attention  has  been  given  to  study  of  the 

meohanlem -of  pulp  bleaching- by -peroxides.  In- a^reoent  In^- 

vestlgatlon  of  sodium  peroxide  bleaching  of  spruce  groundwood, 
tl.  W.  Jones  (15)  found  that  the  bleaching  caused  no  pronounced 
qhemloal  changes  In  the  known  components  of  the  groundwood.  The 
lignin  was  responsible  for  about  and  the  holooellulose  for 
about  60%  of  the  total  peroxide  consumed.  Methylatlon  of  ex- 
tracted lignin  markedly  reduced  the  amount  of  peroxide  oonaumed 
In  reacting  with  It,  from  which  It  was  Inferred  that  the  primary 
peroxide  attack  in  lignin  la  through  carbonyl  or  possible  pheno- 
lic hydroxide  groups.  The  oharaoterlstlos  of  the  reaction  be- 
tween sodium  peroxide  and  extraoted  llgnin  suggested  that  the 

_■ 

. speolfdolty  and  reactlvJ.ty_M -P,ir_oxide  the  most  highly:  _ 
colored  lignin  fradirlohe,  ■'  ' __  ■ - . 

Tide  use  peroxides  In  pulp  bleaching  prooesses  Is 
deecribed  in  detail  in  an  excellent  recent  monograph  by-Beeinan 
and  Reichert  (14)  which  alsn  gives  setae  historical  bkekground 
of  these  processes  and  extensive  literature  references  through 
1950.  Further  information  is  available  from  hydrogen  peroxide 
manufacturers  {7,  10,  16),  and  In  numerous  patents.  Reference  (17) 
lists  a number  Issued  In  19^9  or  later. 

Paper  De-Inking.  Waste  paper  can  be  processed  by  a com- 
bination of  various  mechanical  and  chemical  actions  to  remove  the 
ink,  so ^^jH^teat ^'the  pulp  may  be  reused  in  making  printing  or  other 
light-colored  paper.  Hot  solutions  of  sodium  hydroxide  emd/or 
sodium  carbonate  have  usually  been  used.  They  attack  the  vari- 
ous binding  materials  in  the  paper  and  particularly  the  ink 
vehlole,  and  thereby  aid  in  the  separation  of  fibre  from  the 
other  material  present.  Alkaline  peroxide  solutions  are  more 
efficacious  than  a caustic  solution  of  equal  pH,  and  although 
the  cost  for  chemicals  is  higher,  they  permit  the  utilisation  of 
lower  grades  of  waste  paper,  lower  cooking  temperatures  and  give 


87. 


I 


higher  pulp  yields  and  a cleaner  product.  In  addition  to  its 
bleaching  action,  the  meohanlsm  of  the  peroxide  action  seems  to 
be  that  of  aooeleratlng  tl^e  hydrolysis  and  dapolymerlzatlon  of 
proteina,  starehea,  and  oils  which  are  eoffiponents  of  the  ad-  ^ 

heslvee  and  of  the  Ink  vehiole,  thereby  solubilizing  and  loosen-  J 

Ing  the  pigments.  As  in  other  applications,  sodium  peroxide 
and/or  hydrogen  peroxide  nay  be  used,  with  adjustment  to  the 
appropriate  pH^  and  addition  of  stabilizers.  Use  of  peroxides  ^ 

Is  of  particular  Interest  for  de-lnking  paper  oontalnlng  ground-  ~ | 
wood,  whloh  is  appreoiab^ly  darkened  by  ordinary  alkaline  de-lnklng  ] 
soluliions. ^ i > 


^ X Bleaching,  of  Other  Oellulosib  Materials.  Other  oellu- 
iosio  materials  are  bleaohe^  with  peroxides  using  teohniques 


.Biilii^ar~-tq'  those  d6Sdgibed^Qg^egl-ldlfrs*"-fibrts  and  wood-puipi 


Straw Jb  leaohing . i a . long  and  _ 

: ing  Wd  f »VctC«fhtiy " f PBrbx** 


ide  and  rsduoing  baths  such  as  solutions  su'^ur  dioxide  or. 
sodium  hydrosulfite.  Hydrogen  peroxide  ij|  partioularly , suita.bls 
for  bleaching  wood,  as  in  the  preparation  of  "blond"  fu;rnlturerr 
Mdlo  and  television  sets,  and  b«aball”M  olie^  ^requentiy 

used  method,  a 5%  sodium  hydroxide  solution  oontaining'  sodium  / 
silicate  is  first  brushed  or  sprayed  on  the  wood  and  after 
standing,  a 27  - 35  wt.  ^ hydrogen  peroxide  solution  is  then  ap- 
plied, or  the  operation  is  reversed.  After  the  desired  bleaoh- 
Ing  is  obtained  the  alkalinity  ie  neutralized  with  weak  aoetio 
aoid  and  the  wood  is  dried.  Alternately  the  wood  may  be  bleached 
in  a one-atep  operation  uelng  a mixture  of  peroxide,  eodium  eili- 
oate,  and  ammonia  or  sodium  hydroxide.  Only  a thin  surface  layer 
is  thus  bleached,  eo  subsequent  finishing  operatione  must  be 
carried  out  carefully. 


Bleaching  of  Protein-containing  Materials 

Subetancee  of  animal  origin  such  as  wool,  hair,  fur, 
feathers,  allk,  and  leather,  are  protein  in  nature  and  are  quickly 
damaged  by  strong  bleaching  eolutions  or  treatment  in  alkaline 
media.  Consequently  for  many  years  they  have  been  blcaohed 


.ijiM 
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either  with  a dilute  solution  of  sulfur  dioxide  or  with  hydro- 
gen peroxide,  or  both,  with  the  hydrogen  peroxide  treatment 
being  used  first. 

Wool  Bleaohlng.  In  a typical  bleaching— operationy- 

woolen  blankets  are  scoured  and  rinsed  and  then  saturated  with 
a bleaohlng  solution  containing  about  1.35^  hydrogen  peroxide, 
plus  sodium  sllloate  to  give  a pH  of  9.  Frequently  tetrasodlum 
pyrophosphate  together  with  small  quantities  of  ammonia  are 
used  instead  of  sodium  sllloate.  Thes^  tend  to  yield  a softer 
"hand"  than  does  the  use  of  sodium  silicate.  After  squeealng, 
tire  blankets  are  allowed  to  ^teep  for  24  hours  or  longer  (5) 
and  then  washed.  Temperatures  up  to  100  - 120°F  can  be  used 
for  woolen  goods,:  which  reduce  the  bleaching  time  to  1 - li  hours 
wlth-0.4  - 0.8  wtl  )6  hydrogen  peroxide  (7,  j, -10) . A_large  frao- 
: j gtaigariT^lili^ 

* dry-in"  method,  applied  only  to  wool  8-tpokii_  In  which  the  l^pured  . 
Vo^-;^B  imtierced  in  a blea^ohing^3jut'^h  eotibe^h 
hydrogen  ^roxlde  ^ aTpH  ot  ^ - 5*-  After  drying,  residvial.  V 
hydrogen  peroxide  must  be,  removed, r:,aa_  by  treatment  with  , sodium 
hydroBu(lfitft  or  a catalase  slurry,  to  prevent  darkening  ./during 
^ubeeq^u^ht^dyeing^o'^rat^^  “ ““ ■ 

A competitive  bleaching  agent  in  laundries  is  sodium  — - 

perborate  which  acts  in  effect  as  an  alkaline  solution  of  hydro- 
gen peroxlvle.  The  bleaohlng  procedure  is  essentially  as  described 
above. 

Modification  of  Wool  Properties.  Meohanloal  manipulation 
Of  wool  while  it  is  moist  and  hot  oauses  the  fibres  to  ooalesce  or 
ffelt."  Different  wools  and  other  animal  fibres  vary  greatly  in 
felting  power.  In  the  making  of  hat  felts,  the  necessary  felting 
properties  are  frequently  imparted  by  oxidising  the  fibre  under 
carefully  controlled  conditions,  known  as  "oarrotlng"  or  "felting." 
In  the  past  this  was  done  with  nitric  acid  containing  a mercury 
salt  as  a catalyst  but  In  1936  It  was  found  that  the  toxic  mer- 
cury salt  solution  could  be  replaced  by  a eolution  of  hydrogen 
peroxide  containing  a mineral  acid  (19).  The  oxidizing  action 
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seeme  to  be  that  of  addition  of  oxygen  to  the  dleulflde  groups 
of  the  cystine  In  the  wool  (20),  followed  by  breakdown  of  these 
cystine  bridges  In  the  protein  structure. 

- Alkaline,  solutions  of  hydrogen  peroxide. tend. to  . reduce  

felting  and  promote  shrlnk-reeistanoe  of  the  wool.  Hydrogen  per- 
oxide treatments  are  sometlmee  used  with  chlorination  treatments 
of  wool  in  shrlnk-prooflng  processes.  A rbcent  technical  bulletin 
Is  arailable  which  describes  the  modification  of  the  properties 
of  wpol  by  treatment  with  peroxygen  compounds  and  gives  extensive  ^ 
literature  references  to  the  subject  (21). 

Mlscellaneoue  Bleaching  Operations  .. 

Hydrogen  peroxide  has  been  used  for  bleaohlng  human 
hair  besides  various  hair  fibres  such  as  those  of  horsesigoatsj^: 

Small  amounts 

TffjTr"lliO"  b¥«n"upd;^^^  — ^ 

"sip, " emeiTi-fodd^^^  tobtaeif<  spoi^^  - — 

In  almost  all  of  these  oases  mild  bleaehing  prooesaes  are  re- 
quired to  avoid  injury  to  the  materiair  fats,  oils,  waxes, 

soaps  and^  Juioes  mmy  also  be  dsoolorlaedUby  the-oxidlsing  aotion 

of  hydrogen  peroxide,  although  more  oommonly,  eolored  matter  is 
rev/ioved  by  absorption,  as  on  pulverised  diatomaoeous  earth  or 
aotivated  oarbon.  Suggested  bleaohlng  prooedures  are  usually 
available  for  each  of  these  applioatlons  (7,  9,  10). 

OTHSH  USES  or  HTDHOOEN  PEROXIDE  A8 
AN  OXISXZINO  AOENT 

In  Vlseose  Ravon  Manufacture 

Oellulose  moleoules  have  a linear  polymer  struoturc 
which  may  he  regarded  as  oonaietlng  of  a large  number  of  gluooie 
unite,  Joined  end  to  end  by  ether  linkagee.  The  average  ohain 
length  ie  ueually  deterirlned  by  ueaeuring  the  viioosity  of  a 
eample  dieiolved  in  an  aqueoue  ouprammonium  or  ■Imilar  eolutioni 
the  moleoular  weight  la  very  nearly  proportional  to  the  vle- 
ooelty.  The  chain  length  or  molecular  weight  ie  oommonly  ex» 
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pressed  as  the  degree  of  polymerization  (DP)  which  la  the  average 
number  of  glucose  units  per  cellulose  molecule.  The  cellulose 
used  for  viscose  rayon  manufacture  la  usually  a specilally  pure 
grade  of  chemical  woo^  pulp  and  will  have  initially  a degree  of 
polymerization  of  800  - 1000.  This  must  be  reduced  to  about  350 
so  that  when  eub sequent ly  dissolved  in  a mixture  of  carbon  di- 
sulfide and  apdlum  hydroxide  to  form  cellulose  zantha.te,  the  via- 
oosity  will  b?  Bufficlently  lew.  to  permit  satisfactoiiy  extrusion 
through  the  epinnerette  holes.  This  reduction  in  olfuiin  length 
is  acoompllshed  In  U,  S.  prooeeses  by  "eteeping”  the 'oellulose 
In  sodium  hydroxide  solution  and  allowing  it  to  age'  k*pr  ?0  - 40 
hours  under  .carefully  controlled  oondltj^ons..  In  an  alkaline 
medium  the  oxygen  present  in  the  air  attacks  the  cellulose 
chains  and  reduces  the  degree' of  polymerization.  (The  oelluiose 

such  ae  fflangaheee,  lf>dn  iiftd-nipkel  which  laet  as  prOTtoterk.  Con- 
sequently the^e  impurities  must  be  kept  to  a minimum  to  aroid 
uncontrolled  vaflatlons  in  the  depolymerization.  The  time  re- 
quired for  depolymerization  can  be^m^kedly  reduced  by“additri6n“ 
of  oxidizing  agente,  such  as  hypoohloritea  or  hydrogen  peroxide, 
to  the  pulp  and  caustio  mixture.  Hydrogen  peroxide  la  uaed  for 
this  purpose  by  some  European  companies  but  apparently  not  In 
the  United  States. 

The  alkali  treatment  has  a number  of  purposes  besides 
that  of  reducing  average  cellulose  chain  length  to  the  desired 
degree.  It  acts  as  a purifying  process  to  remove  other  car- 
bohydrates, Buoh  as  the  hemi-oelluloses,  from  the  desired  oc  - 
cellulose  (the  most  Inert  of  the  pulp  oomponents),  and  it  also 
causes  a swelling  of  the  cellulose,  which  la  desired  before  it 
is  converted  to  the  xanthate.  The  addition  of  oxidizing  agents 
such  as  hydrogen  peroxide  to  accelerate  the  depolymerization 
does  not  affeot  the  rate  of  formation  of  alkali  cellulose  or 
rate  of  solution  of  hemi-oelluloses  (22.  23).  Therefore  such 
use  has  been  limited  by  the  complex  nature  of  the  various 
processes  occurring  and  consequent  uncertainty  as  to  the  effect 


that  It  would  have  on  the  properties  of  the  final  fibre.  It 
Is  possible  that  the  acoeleratlng  effect  of  polyvalent  metal 
Impurities  on  the  ordinary  aging  process  Is  through  the  forma- 
tion of  hydrogen  'peroxlde^via  autoxldation  prooesses,  a6T~dls= 
cussed  In  Chapter  2. 


The  addition  of  hydrogen  peroxide  to  the  cellulose 
^xahthate  alap  accelez^M  the  rlpenning  process  used  before 
spinning  (24). 


Hydrogen  Peroxide  as  an  Antlohlor 


\ Hydrogen  peroxide  may  be  used  to  destroy  excess 

ohlprine  or  compounds  containing  chlorine  which  may  be  left 


in  k 
Ing 


BUbstauce  as  a result  of  a previous  treatment.  In  bleabh- 
operat^na_/thl8 jnay one  of  several  functions  ful- 


f-il-i§d-“by— ihB^%ydr0gen---p©#6Xid.e^»ah^-^th%ff^^^  

By droas  n 

considered  for  use-  in  ddotroying  the  ohlOrilii  rlialnlng  in  ~ 
water  after  purification.  It  is  proposed  to  destroy  the  excess 
peroxide  then  remaining  by  passing  the  water  through  a bed  of  . 
manganese  dioxide  (25).  However  the  hydrogen^ peroxide  decomposi- 
tion might  oause  solution  of  small  amounts  cf  manganese,  as 
discussed  In  Chapter  8,  thus  raising  the  question  as  to  whether 
the  water  would  be  still  suitable  for  human  consumption. 


Oxidation  of  Dyestuffs 

In  the  applloatlon  of  vat  dyes  (e,b£. , the  anthraqulnone 
and  indlgold  group) , the  Insoluble  pigment  is  first  reduced  to 
the  soluble  leuoo  (oolorlese)  form  by  a reducing  agent,  commonly 
sodium  hydrosulfite  In  aii  alkaline  solution.  After  the  dye  Is 
adsorbed  on  the  fibres.  It  is  oxidized,  whereby  the  original 
Insoluble  pigment  le  re-formed  and  fixed  on  the  cloth.  The  fact 
that  the  pigment  Is  highly  insoluble  In  the  oxidized  state  ao- 
oounts  for  the  excellent  •fastness"  of  this  group  of  dyes.  The 
oxidation  was  formerly  done  with  air,  but  now  a ohemlcal  bath 
is  usually  used.  An  oxidizing  bath  typically  consists  of  one 
of  the  following:  (a)  2 wt.  % potassium  diohromate  plus  2 wt.  % 
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acetic  acid;  (b)  1 wt.  % sodium  peroxyborate,  or  (c)  1 wt.  % 


hydrogen  peroxide,  vlth  appropriate  adjustments  of  pH  and 
bath  temperature  (11,  26). 

The  oxidizing  procedure  varies  with  the  type  of  dye 
and  goods,  avnd  both  continuous  and  batch  operations  are  used. 
The  use  of  p.eroxy  compounds  here  rests  on  the  bright  and  clear 
colors  obtainedT  high  absorbency  of  the  fabrics,  the  ease  of 
subsequent  washing,  and  the  cleanliness  of  the  operation. 

Sulfur  dyes,  which  are. extensively  used  on  cotton  as 
rawstooh  and  alfio  on  rayon,  are  reduced,  usually  with  sodium 
sulfide,  and  oxildlzed -after- anplloatiori  In  a similar  manner.  . - 

- ii  ••  • ■ r ■ 

In  some  cases  'pisroxysulfates  may  be  used  as'  the  oxidizer. 

_ Y i)  . - - ■ 

'■  The  photochemical  oxidation  and  degradation  of  cotton 

-red  anthraqulnold  vat  dyes  but,  net  In  .general  byr  the  .blue, 
violet  and  green  group  (2?,  28)  . The  ^degradation  ef^^^^ 
acocmpanled  by  the- formation  of  an  oxidizing  agent  (detected 
by  the  8taroh“lodlde  test)  ,■  believed  to  be  hydrogen  peroxide 
and  It  appears 'that  much  of  the  degradation- is -caused  by  hy-  — 
drogen  pefoxide,  attack.  Thus  a sensitizing  dye  impregnated 
on  a fibre  can  cause  attack  on  an  adjacent  undyed  fibre  even 
when  there  is  no  contact  between  them  (27).  This  has  been 
asoribod  to  volatilization  of  hydrogen  peroxlle  formed  on  the 
dyed  fibre  with  subsequent  absorption  by  the  undyed  material. 
Adjacent  yarns  of  nylon  or  viscose  rayon  are  not  significantly 
affected  and  there  are  some  Indications  that  degradation  of 
these  fibres  oocure  by  other  mcohanlems.  Cotton  pigmented 
with  zinc  oxide  or  titanium  oxide  or  with  sulfur  and  basic 
dyes  Is  also  photochenically  degraded,  although  peroxide  was 
not  detected  with  sulfur-dyed  fibres.  The  impregnation  of 
small  amounts  of  metal  salts  into  vat-dyed  ootton  strongly 
affects  the  results.  Tests  for  oxidizing  agent  showed  no 
diminution  in  the  amount  formed  after  impregnation  of  the 
dyed  fibres  with  nickel,  some  diminution  after  chromium,  more 
with  manganese,  and  none  was  detected  with  copper,  Iron  and 


LI 
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cobalt  (28).  These  results  parallel  the  catalytic  activities 
of  these  metals  for  the  decomposition  of  hydrogen  peroxide. 


The  extent  of  photochemical  degradation,  however, 
follows  a“more  complex  pattern.  Thus  the  -InoorporaWon  of 
copper  In  the  fibre  decreases  the  amount  of  photochomloal 
degradation  of  cotton  dyed  with  the  most  sensitive  dyes  but 
j-noreases  that  of  undyed  cotton  or  that  treated  with  the  darh- 
oolored  vat  dyes,  so  that  the  amount  of  degradation  becomes 
essentially  Independent  of  the  hind  of  dye^used.  Iron  and  other 
metals  also  Influence  photochei(tiloal  degradation^^  possible 

explanation  may  lie  In  the  fact  that  various  heavy  metals  not 

^ ” 1! 

only  decompose  hydrogen  peroxide  but  also  form  It  by  autoxldatlon 


of  atmospheric  air  (see  Chapter  2)  so  that  the  amount  of  degrada- 
tion' may  become  In  some  oases  far  more  dependent  on  the  nature.  ' 


ahd..afflflunt^j&fcJieavyr- metals  present.  thanZon.-!^ . ha^ 


-In  this  oonneotdonj.lt  would  be  -Intereeting  -to  study,  the.  erfeote 


of  «lstlvely  non-oatalytid  metals  and  aiao^v^  non-metall^^^ 


oatalytlo  materials  on  cotton  photodegradation, 


Use  in  Photography  — ~ 

_ . 7 

- ■ The-aotion  Of  hydrogen- peroxide  dn-photographlo  enul-^ 

Slone  has  been  dlsoussed  in  the  ohaptere  on  formation  and  oheml- 
eal  properties.  The  developing  action  of  alkaline  hydrogen  per- 
oxide described  there  does  not  find  praotloal  use  In  photography, 
being  unseleotlve,  likely  to  induce  fog,  and  being  far  out- 
stripped in  efficiency  and  ease  of  use  by  the  common  organic 
developers.  However,  some  use  has  been  made  of  hydrogen  peroxide 
as  a developer  for  blueprints. 


Aold  hydrogen  peroxide  containing  soluble  bromide 
exerts  a reducing  effect  (in  the  photographic  sense)  upon  the 
silver  Image  of  a developed  plate  or  print  and  softens  and  dis- 
solves the  gelatin  In  the  areas  where  the  image  exists.  This 
effect  has  been  applied  to  the  production  of  a gelatin  relief 
which  may  be  used  for  mechanical  reproduction.  The  process  is 
described  by  Andrcaen  (29),  Luppo-Cramer  (30),  and  Lange  (31). 
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Hydrogen  peroxide  alone  has  not  been  much  used  as  a general 
photographic  reducer,  although  aromonlum  peroxydl sulfate  is 
extensively  applied  for  this  purpose. 

Hydrogen  peroxide  has  been  applied  In  two  photographic 
printing  processes  (32).  In  the  first  of  these  an  ordinary 
negative  is  dipped  Into  an  etherlal  solution  of  a dilute  aqueous 
-hydrogen  peroxide  and  put  in,  contact  for  a short  time  with  a paper 
coated  with  gelatin  which  carries  a pigment.  This  paper  Is  then 
dipped  Into  a solution  of  a ferrous  salt.  The  surface  of  the 
gelatin-coated. paper,  which  has  taken  up  more  hydrogen  peroxide 
from  the  portions  of  the  negative  j^t  carrying  an_lmage,  How 
oxidizes  the_ Imbibed  ferrous  salt  ih  proportion  to  the  amount  of 
hydrogen  peroxide  carried  on  theHrarlous:,  areas  of  Its  surface. 

.The  f errl.c._.flall . .bu  formed  renders  the  gelatin  insoluble 

-warmlffts^er : .a;  le  lead  ef 

pigment  in  the  i«.rehs' obr-respdnding  to  the^  parii  of  the  eurraoe  ~ 
of  the  negative  which  carried  no  image. 

The  second  printing  process,  known  as  Datatype,  Is 
8lmllai^wlth“the  exception -that' the  gelatin-coated  papeH  carries 
no  pigment.  After  contact  with  the  negative,  the  plain  gelatin 
film  bearing  the  absorbed  hydrogen  peroxide  Is  immersed  in  a ~ 
solution  of  manganous  salt  or  alkaline  silver  nitrate.  The  metal 
la  taken  up  and  precipitated  as  manganese  dioxide  or  sliver  metal 
In  the  areas  containing  hydrogen  peroxide,  yielding  a positive 
print. 

The  power  of  hydrogen  peroxide  to  produce  a latent  image 
In  a photographic  plate  without  the  action  of  light  has  been 
utilized  to  obtain  directly  plotures  of  the  structure  of  various 
surfaces.  After  coating  the  surface  with  a solution  of  hydrogen 
peroxide,  a photographic  film  Is  placed  in  contact  with  the 
surface.  Certain  areas  of  the  surface  may  decompose  moi-e  rapidly 
or  absorb  more  strongly  the  hydrogen  peroxide,  and  after  develop- 
ment of  thR  film  such  areas  show  less  or  no  blackening.  Kretsch- 
mer (33)  and  Abrajnson  (34)  have  applied  this  procedure  to  obtain 


pictures  of  the  skin.  The  process  has  also  been  applied  by 
Kretschnier  (35)  and  Freytag  (36)  to  the  study  of  defects  In 
paper,  detection  of  alteration  of  documents,  and  reproduction 
of  printed  matter, 

Photographic  plates  or  films  may  he  hypersensltlzed 
(Increased  In  speed  or  In  sensitivity  to  a certain  region  of 
the  spectrum)  by  bathing  In  hydrogen  peroxide.  Sohmleschek  (37) 
found  that  panohromatle  plates  bathed  for  Tlve  minutes  In  aold 
or  alkaline- 6. 075  wt.  hydrogen  peroxide  solution  containing 

dissolved  silver,  rinsed,  and. dried  were  notably  increased  in^; 

speed  and  red  sensitivity.  His  recommended  formula  was;  25^, 
ammonia  solution,  1 00;  '^Ojl  hydrogen  peroxide,  1 co;  wat®r, 

400  co;  silver  salt,  an  ^Lmount  yielding  0.025  g silver.  The 
n^st  satisfactory  silver  isalts  were  silver  molybdate  or  silver 
-tunffe-Wtiv---!KSeB^e-lnhlbi.ted^fegginglb#ife3 

-■14,t^erL-aalAfl-byjBrja.  eauall-y--ef'featd-ve^n  the  -g 
The  use  hydrogen  peroxide  fnr  hypersenMtlsat?  on  anff ers  f^rolL 
two  drawbaoksi  the  effect  varies  with  the  type  of  emulsion,  and 
treated  platae  must  be  used  within  a short  time  before~fo^  in<- 
Auoe.d  by_^e  treatment  becomes  neftloeablej__ 


Hydrogen  peroxide  also  exerts  an  lntenBifioatioi.i  action 
(Inorease  of  density  or  of  developablllty  of  latent  Image)  on 
exposed  plates.  Vlghtman  and  Quirk  (38)  found  that  tx'eatment 
with  0.004  to  0.016  wt.  % hydrogen  peroxide  followed  by  Immediate 
development  gave  an  appreciable  Intensification;  the  effect  was 
most  pronounced  with  fast  plates  and  required  the  presence  of 
soluble  bromide  for  operation.  Barnes,  Whltehorne  and  Lawranoe 
(39)  studied  the  effect  of  various  developers  on  the  Intensifying 
action  of  hydrogen  pproxlde. 


The  most  common  use  of  hydrogen  peroxide  In  photography 
Is  that  of  hypo  eliminator;  this  was  first  suggested  as  early  as 
1866  by  Smith  and  Spiller  (40).  Hydrogen  peroxide  will  oxidize 
to  sulfate  the  thiosulfate  remaining  In  photographic  prinle 
after  fixing.  Thiosulfate  or  Its  partially  oxidized  form, 
tetrathlonate , will  react,  slowly  under  ordinary  condltlona 
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and  rapidly  under  oonditlone  of  high  temperature  and  humidity, 


with  the  silver  Image  to  form  a faded  and  unsightly  brown  image 
of  silver  sulfide.  Removal  of  the  last  traces  of  thiosulfate 
from  papers  by  washing  alone  la  praotloally  Impossible;  for 
permanent  prints  of  the  highest  quality  hypo  elimination  by 
chemical  means  is  a necessity. 


Crabtree,  Eaton  and  Muehler  (41)  reviewed  the  lirera^ 
ture  and  extensively  studied  the  use  of  hydrogen  peroxide  aa  a 
hypo  eliminator.  Their  rebommended  formula,  known  as  Kodak  HE-1 
was  as  follows:  water,  jOO  ob;  hydrogen  peroxide,  125  00;  i 

2%  aMonla,  ' 100  CO ; water  jto  make  1 liter.  Prints  are  to  be 
Washed  30  minutes  (1  hour  for  double  weight  papers)  at  65  -70°# 
Immersed  In  the  hypo  eliminator  for  6 minutes, \washed  10  minutes 
. anl  deled. _.  JIhe_..aolutlDn-  will.  treat^..flf|y_:S  x=l.CUlnoh.:p]^ntJ 
theiT A'^rghriy~drrr  ffr  snr  X 


I 
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r 00  ornmeroted^f  o r -borraroro -irerkr 


Purlf lost ion  of  MetSl  Salt  Solutions 


\.  . 

^ A cbrnmon  problem  in  the’ purlf iVatlon-of  -varibUB  ijhemicnai 

■ ' r' - - '' 

compounds,  particularly  metal  compounds,  Is  that_of_rsmoyal_0-3L, 
Iron.  This  occurs,  for  example,  in  prooessea  for  obtaining  vari- 
ous pure  metals  and  In  the  purification  of  electrolytic  plating 
baths.  A convenient  technique  is  to  add  basio  substanoee  to  a 
solution  to  be  purified  to  produce  a pH  at  which  feri*ous  or  ferric 
hydroxide  is  essentially  Insoluble  but  at  which  the  hydroxide  of 
the  other  metal  remains  in  solution. 


The  proper  pH  in  each  oase  Is  set  by  the  degree  to  whloh 
it  Is  desired  to  eliminate  Iron,  the  oonoentration  of  the  metal 
desired  to  be  kept  in  solution,  and  other  factors,  such  as  the 
amphoterlo  character  of  some  metale.  The  pH  regions  of  Interest 
are  indicated  in  Table  4,  whloh  shows  the  maximum  pH  values  at 
which  a solution  containing  0.001  gm  moles/liter  of  the  metal 
can  exist  at  room  temperature,  termed  arbitrarily  the  "precipita- 
tion pH."  These  have  been  calculated  from  the  solubility  product 
data  of  Latimer  • nd  Hildebrand  (42).  Obviously  the  higher  the 
concentration  of  any  individual  metal  which  It  1s  desired  to 
keep  In  solution,  the  lower  the  pH  will  have  to  be. 
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TABLE  4 


pH  VALUES  AT  WHICH  VARIOUS  METAL  HYDROXIDES 
FORM  A 0.001  MOLAR  SATURATED  SOLUTION 


Motal  Hydroxide 
Pe(OH)- 


Al(OH), 

Or (OH) 

Cu(OH) 

Zn(OH) 

Co(OH) 

Pb(OH) 

Fe(OH), 

Mn(OH)! 

Nl(OH)! 


- — K is-  seeh  the  megt  reij^ily 

preolpitated;  It  becbme a highly  Insblwbie  etren  “In  quite  apldlo 
Bolutlona.  Perrous/ hydroxide,  however,  does  not  beopme  inaoluble— 
unleaa  the  aolutioii  ia  eaaentially  neutral,  under  whi oh  c^dltlona 
many  other  aetala  would  be  alao  preolpltated  aa  the  hydroxide,  if 
they  are  preaent.  Conaequently  for  the  complete  removal  of  iron 
from  moat  metal  aolutlons  it  ia  neoeaaary  that  the  ferroua  iron 
be  oxldlaed  to  ferric.  This  may  be  acoompllahed  by  blowing  the 
aolutlon  with  air,  but  the  rate  of  air  oxidation  la  alow  and 
therefore  an  oxidizing  agent  euoh  aa  hydrogen  peroxide  or  aodlum 
peroxide  la  sometlmea  uaed  Inatead.  After  oxidation,  ferric 
hydroxide  la  preolpltated  by  addition  of  an  appropriate  baae 
and  then  it  la  coagulated  by  heating  and  aeparated  by  filtering 
or  decanting.  It  ia  dealrable  that  the  iron  be  oxidized  before 
the  pH  ia  ralaed  In  order  to  reduce  the  amount  of  peroxide  loat 
by  decompoaltion,  since  metala  auoh  aa  iron  are  more  catalytic 
In  the  fortt'  of  the  precipitate  of  oxide  or  hydroxide  than  aa 
diaaolved  Iona. 

Although  In  theory  the  metala  having  precipitation  p,H 
values  algi'vLf Icantly  above  ferrous  iron  could  be  purified  by 


this  prooesfl  without  first  oxidizing  ferrous  to  ferric  Iron, 
in  practice  the  separation  is  easier  with  previous  oxidation. 
Thus,  in  the  prooesslng  of  magnesium  chloride  before  electroly- 
sis -to-magnesluin"Tffotal,“  the  sblutlon  is  Qbmmbhly  treiated  wlYh  ~ 
magnesium  oxide  to  precipitate  impurities,  but  iron  rs'J’oval  can 
be  assured  by  previous  oxidation  of  the  solution,  as  with  hydro 
gen  peroxide  (43)_.  ___  __  _ _ - ^ _ ___  ^ 

Hydrogen  peroxide  or  sodium  peroxide  have  bedn  ussd 
for  removing  the  iron  from  manganous  aulfate,^lelcel^Bulfate, 
copper  sulfate,  alnc-ohlorldo,  zinc  sulfate,  and  beryllltun 
Sulfate  (9,  loy.  Hydrogen  peroxide  is  preferred  to  ■soditUB  ^ 
peroxide  whenever  a sodium  salt  in  the_produotjolutlon  nlay 
be  detrimental.-  The  procedure  in  general  consists  of: adding  r 
:a  4llght_jY.jpl^hl©metrl^-exodss_oY-the.hperoxl4e 
W Trorf ■ pn:^seh1r and  then 

iijErptttsfntiXt  op _t!a 

^being  treated)  andnffdparatlon  of  the  praolpltate. _ Sondtlmes  ' 
more  than  one  metal  impurity  may  be  p:pepipitated,~  as  );n  the 
purifloatidn  6f  Yanthanura  salts  Jjy  pfeoipitat Ion  of  ceric  and  , 
-f-errlc-hydroxide  from  an-approprlate  solution  (44) . In -some 
plating  processes  the  oxidation-precipitation  purification 
with  hydrogen  peroxide  may  be  carried  out  in  the  oell  with 
possible  secondary  advantages  such  as  prevention  of  pitting 
at  high  current  densities.  An  improvement  in  the  "whiteness" 
of  tin  and  zinc  deposits  is  also  obtained  in  the  presence  of 
hydrogen  peroxide. 

The  fact  that  the  solubility  of  many  >polyvalent  metal 
salts  changes  with  the  valence  state  is  the  basis  for  several 
separation  procedures  involving  oxidation  with  hydrogen  per- 
oxide. Thus  the  coating  of  iron  cutd  steel  articles  with  zinc 
phosphate  is  harmed  by  ferrous  phosphate  in  solution.  This  can 
be  precipitated,  however,  by  oxidation  to  ferric  phosphate  by 
hydropen  peroxide  (45).  In  recovery  operations  on  non-ferrous 
scrap,  precipitation  or  solution  of  tin  from  the  metal  salt 
Mixtures  can  be  controlled  by  oxidation  with  hydrogen  perox- 
ide (46).  Competing  technlquea  in  metal  puri.ricatlon  proc- 


esses  Include  electrolytic  refining,  and  the  use  of  ion- 
exchange  resins. 

Another  application  of  the  oxidizing  power  of  hydrogen 
peroxide  is  in  the  regeneration  of  spent  "doctor"  solutions  in 
petroleum  refineries.  The  spent  sodium  plumbite  solution  is 
ordinarily  converted  to  lead  oxide  hy  blowing  with  air.  It  is 
claimed  that  addition  of  hydrogen  peroxide  during  the  air 
regeneration  step  lowers  the  total  cost  by  initiating  the  oxl- 
^ datlon_and  thus-reducing- the  time  required  and  saving  steam  and  / 
power  (47).  : _1  

Maxted  (48)_has  deaorlbed  the  revivification  of  poisoned 
hydrogenation  catalysts  with  hydrogen  peroxide.  The  action. of 
the  hydrogen  peroxide  is  to  oxidize  the 'ipol son  on  the  catalyst, 

^^conyerting-lt  -to  a " shielded"  oi^Von~to*lo  f orm --The-  p 

worlci'^iriT'tliro^H ' tTie  "p:T3.  s’  ~sucK3T~^^^^^y^ 

- mb-tyt>^a^'-;or-f  eroxythhgi%a1^^^ 
formed  Ih  situ.  By ~haviftg^l*eaeht  an  excess  of  hydrogen ~peroxida.,~ 
in  the  presence  of,  for  example,  a molybdenum  or  tungsten  salt, 
the  peroxy  compound  will  be  continuously  regenerated  and  the 

— qtraintlty^^  “BXP«nsl"vir  salt  neededthus  Itept  to  a mininum.  “ 

Oxidation  of  Metal  Surfaces  ' 

A thin  oxide  film  may  be  produced  on  some  metal  sur- 
face© by  treatment  with  aqueous  hydrogen  peroxide  or  pei’oxlde 
vapor,  and  several  industrial  applications  of  this  reaction 
have  been  suggested.  Thus,  ferrous  metals  may  be  passivated 
by  heating  above  the  recrystalllzatlon  temperature  in  hydrogen 
and  then  subjectlg  to  a 20%  hydrogen  peroxide  solution  for  about 
10  minutes  (49).  In  a somewhat  similar  applloation,  seleniiun 
units  in  rectifiers  are  oxidized  by  contact  with  a spray  of 
aqueous  hydrogen  peroxide  or  by  air  oontaining  about  1 - 10  mg 
of  hydrogen  peroxide  per  liter  of  air  (50).  Hydrogen  peroxide 
is  also  used  in  a patented  method  of  treating  the  contact  sur- 
faces of  copper  oxide  rectifiers  which  have  been  previously 
oxidized  in  air  (3I).  The  action  of  hydrogen  peroxide  to  oxi- 
dize metal  surfaces  has  also  been  applied  to  the  making  of 
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accelerated  corrosion  tests,  on  aluminum  In  particular  (52). 
The  role  of  hydrogen  peroxide  In  corrosion  is  dlsoussed  In 
Chapter  2,  under  Autoxldatlon  of  Metals.  - . 


Another  use  of  hydrogen  peroxide  for  the  treatment 
of  surfaces  may  exist  In  the  field  of  ore  flotation.  Studies 
(53)  have  shown  that  hydrogen  peroxide  may  alter  the  surfaces 
of  partloles  of  ore  concentrate  to  Improve  the  selective 
separation  ohtalned^J^  the  flotation  process.  This  action  of 
oourse^depends  upon  the  chemical  nature  ^f  tl«  ore,  for  example, 
Machu_(5}v)  cites  a case  In  which  the  prjesence  of  hydrogen  perox- 
:ide  hinders  flotation. 


'By'drogen  Peroxide  as  a Depolarizer 


-Inra— niimbBr-of^:._r_B.aPtionB  aplld!i  in  ll^iuide-in-whtofc 


hyd.rogen  gaf  is  ©vplv.ed,  for  ex|onple^  in  the  solution  of  metall 
in  abids  ^r  We  pFooipitatton’  -from  a oyaiiiAe  isolation  hy 


aino,' the -hate  of  the  reaction  ir  frequently  limited  by  the  proteo 
tlve  film  pf  hydrogen  which  forms  on  the  solid.  In  sueh  oases  the 
rate  may  be  substantially  inoreased  by  adding  to  the  solution  an 
oxidizing  agent"(depelarlzer1  Which  oxlUzea  the  hydroge^n  to  water 
and  thus  permits  more  rapid  contact  of  reactants.  If  sufficiently 
high  concentrations  of  the  oxidizer  are  used,  all  hydrogen  gae 
evolution  on  the  solid  can  be  prevented.  Hydrogen  peroxide  has 
been  used  for  this  purpose,  as  well  as  nitrates  and  other  oxidiz- 
ing agents  (55r  56) . 


Modifloatlon  of  Carbohydrates.  Proteins  and  Cums 


Treatment  of  high  polymerlo  materials  like  starches, 
proteins,  gums,  eto. , with  hydrogen  peroxide  or  peroxy  compounds 
causes  oxidation  and  depolymerlzation  to  occur.  The  lower  aver- 
age molecular  weight  of  the  partially  depolyaerlzed  products 
causes  them  to  have  a relatively  lower  vlecoslty  In  solution, 
which  makee  them  easier  to  solubilize  and  apply  as  adhesives, 
sizings,  binders,  etc.,  (9,  57).  The  depolymerlzation  of  cellu- 
lose by  reaction  with  peroxide  is  discussed  In  Vleoose  Rayon 
Manufacture.  The  mechanlem  of  the  depolymerlzation  of  cellulose 
and  starches  1b  not  well  understood,  although  It  la  known  that 
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It  is  proooded  and  accompanied  by  an  Increase  In  the  oxygen  con- 
tent of  the  cellulose,  In  the  form  of  carbonyl  and  carboxylic 
acid  groups -(12,  58)-.  . 


Natural  latex  may  be  treated  with  hydrogen  peroxide 
solutions  (using  peroxide  approximately  equal  in  amount  to  the 
dry  gum  in  the  latex)  to  produce  adhesive  latex  and  plasticized 
rubber  (59)*  Treatment  with  hydrogen  peroxide  depolymerizes  the 
rubber  in  the  same  fashion  as  does  milling,  and  the  produo ts  are 
reported  to  be  nearly  identical  in  ohemioal  and  physical  proper^ 
ties  to  those  produced  In  milling.  The  chemical. mechanism  is 
probably  the  same  in  both  oases,  since  during  the  milling ^ ^ 

"(mastication)  of  rubber  in  air  small  amounts  of  oxygen  are  ab- 
sorbed from  the  alr^wlth  formktlon  of  peroxides,  presumably  at" 
-the  -unsarturdrted  bondh  Of  " the.  3mbbej^molscules,-..and_this-  ap^^ 

>srmisnent  WaTlng:  of  7” --V'  • ? 

. The  "ooldl—pro'sess  of  p.ermanent  waving  of  heir  in^lyiaj 
subjection  of  the  hair  tb\reduotlon  byjammonlum  thloglyeqlate 
aolutlon^i^he  hair  la  theiT^url^  and  the  wave  iade^erman^ht^- 
by  oxidizing  the  hair  with  k\  solution  of  sodium  bromate,  sodium 
peroxyborate  or  hydrogen  peroxide.  The  peroxy  compounds  have 
the  disadvantage  that  they  may  cause  an  undesired  bleaching  of 
the  hair  if  not  properly  used;  the  action  of  the  bromates  is 
satisfactory,  but  they  may  cause  kidney  damage  and  death  if 
ingested. 

Applications  in  Analysis 


Hydrogen  peroxide  is  used  as  an  oxidizing  agent  in  a 
number  of  analytical  prooedures,  generally  where  the  residues 
of  other  oxidizing  agents  are  undesirable  or  where  a peroxy 
derivative  is  required.  Thus  the  colors  developed  by  a number 
of  metals  in  the  form  of  complex  peroxy  compounds  are  used  as 
methods  of  identification  or  for  oolorlmetrio  qusmtitative 
analysis;  for  example,  the  color  developed  by  ohromate  in  the 
presence  of  hydrogen  peroxide  and  ether  or  that  of  peroxy  com- 
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pounds  of  vanadium,  titanium,  molybdenum,  cerium  and  others  (60). 
Procedures  using  hydrogen  peroxide  in  various  analyses  are  described 
in  books  by  Felgl  (60),  Treadwell  and  Hall  (61)  and  Furman  (62). 
Recent  applications  of  hydrogen  peroxide  in  analytical  procedures 
include  the  following:  The  quantitative  colorimetric  technique 

for  vanadium  has  been  studied  In  detail  by  Foster  (63).  Hydrogen 
peroxide  has  been  used  to  determine  sulfur  in  the  form  of  zinc 
sulfide  (6i4>)  or  sulfur  dioxide  (65)  by  oxidation  to  the  sulfate, 
followed  by  determination  of  the  sulfate  as  barium  sulfate,  or 

titration  of  the-excess  peroxide.  Cobalt  is  preolpltated  from  

its  solutionf  by  oxidation  to  the  trivalent  stage  with  hydrogen 
peroxide  (66)  and  similar  oxidation  techniques  may  be  used  for 
separation  of  other  metals  having. two  or  more  valence  states  (see  — 
- alsn  -Purl-f  jeatien  of-Metal-  Bal-te) . —Hydrogen  ioeroxlde  may  .also- ba: 
"Zuaejd  i^n  som^oaseiT  to"  ox^ize  deatrolT  organl 
“Waly  3 f sV  sTe  ~ substainbe  s oontai niiigr pgq  sphctTO s j(-^)  r : ~ 

Another  interesting  use  of  hydrogen  peroxide  Is  in  the 
Thomas  Autometer  used  for  continuously  recording’  the  sulfur  dioxide 
ccncentrstion  in  the  atmosphere.  An  air  sample  is  bontlnuously 
aspirated  through  dilute  hydrogen  peroxide  solution,  and  the  in- 
crease in  electrical  conductance,  oaueod  by  aulfurio  acid  forma- 
tion, is  reoorded  aa  a measure  of  the  sulfur  dioxide  oonoentration. 

In  the  XJeldahl  method  for  the  determination  of  nitrogen, 
hydrogen  peroxide  added  in  the  preliminary  digestion  aeelste  in 
producing  water-clear  solutions  with  a considerable  saving  of  time 
for  the  analysis  as  a whole,  and  obviates  the  need  for  expensive 
KJeldahl  installations  (66). 

Addition  of  exoses  hydrogen  peroxide  to  acid  solutions 
containing  uranium  leads  to  the  precipitation  of  an  insoluble 
peroxide,  a faot  which  has  been  utilized  in  the  separation  of 
uranium  from  solution  (69) ■ 

Most  familiar  of  the  analytical  uses  of  hydrogen  perox- 
ide la  the  color  reaction  with  titanium  solutions,  which  servos 
as  the  basis  for  a standard  procedure  for  the  determination  of 
this  element.  Somewhat  less  familiar  is  an  early  method  for  the 
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determination  of  nitrate  In  the  precence  of  nitrite,  which  is 
dependent  of  the  fact  that  hydrogen  peroxide  oxidlzee  nitrous 
acid  rapidly  to  , nitric  acid. (70) . 

The  yellow  color  of  a peroxldlzed  titanium  solution 
iB  bleached  In  the  presence  of  small  quantities  of  fluoride;  and 
a method  of  determination,  of  fluorine  In  minerals,  based  on  this 
effect,  was  proposed  by  Steiger  (71).  The  difference  In  the 
ease  of  oxidation  of  the  different  halide  ions  by  means  of  an 
7 acidified  hydrogen  ..peroxide  solution  also  led  Jannasoh  (72)  to 

devise  a method  for  the  "determination  of  Iodine  In  the  "^esenoe  :7 
of  bromides  and  ohlorides,  or  of  bromine  In  the  presence  of  - 
chlcrldee.  '7 

J _7  , - " CatalasO  Is.  often  determln^ed  (73) 

-~™™~'r-eet^pfrn-hydf6g^^^^  other 

osmium  (76)  and  aeetaldfhyae  (^) . - -- 

■ ' USE  or  mnJROOEN  PEROXIDE  AS  AN  El^Eaidy  SOURCE 

-j — — Kost  nievlees  TThiW'prdauoe' elier^y  "^^"l^oiFuBfibn  do  so 

by  burning  a fuel  In  air.  However,  there  are  two  olroumetanoes 
under  whioh  It  is  desirable  or  necessary  to  use  an  oxidant  other 
than  air:  (1)  when  power  must  be  produced  in  a location  where 

air  Is  not  readily  available,  as  under  water  or  high  above  the 
earth's  surface,  or  (2)  when  a very  high  rate  of  energy  release 
from  oompaot  energy  sources  Is  desired  for  a short  time,  as  in  a 
gun  propellant,  aircraft  asoietcd  take-off  units  or  in  rockets. 
Although  In  some  of  these  oases  air  oould  In  principle  be  used  by 
oompreeslng  It  and  storing  it  in  suitable  pressure  veesela,  it  is 
frequently  Impraotioal  to  do  so  since  at  all  storage  pressures 
approximately  four  pounds  of  storage  container  are  needed  for  each 
pound  of  air,  compared  to  one  pound  or  Ibab  of  container  for  each 
pound  of  a liquid  or  solid  stored.  A solid  propellant,  which 
incorporates  combustible  and  oxidant  in  intimate  contact,  is 
chosen  where  the  unit  is  small  and  emphasis  is  on  simplicity, 

SB  in  a round  of  ammunition  or  a email  rocket.  More  complex 
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devlcee  are  required  with  liquid  propellant  systems  but  they 
have  two  pronounced  advantages  over  the  solid:  (1)  the  liquid 

“can  be  carried  In  a light-weight  storage  vessel  and  pumped  “Into 
a combustion  chamber  which  heed  be  only  large  enough  to  provide 
the  desired  combustion  rate.  (Techniques  for  Injecting  a solid 
into  a combustion  chamber  at  high  pressure  are  generally  unsatis- 
factory. Consequently  the  entire  solid  propellant  charge  must 
be  initially  contained  In  the  combustion  chamber,  which  there- 
fore must  be  large  as  well  as  strong.)  (2) . The  rate  of  power 
produotlon  can  be  varied  arid  controlled  by  regulating  the  flow 
of  liquid.  For  these  reaeons^  liquid  oxidizers  abd  fuels  have  ^ 
flrund  applioatlonrin  varlou8““relatrvely  large  roohet-propelled  ““ 
devloffs,  in  underwater  propulsion  of  eubmarlne a and  torpedoes,  ” 7 

0 WsT  77Ah~ideal  liquid  Tsa^ds^  havii: 

sl-rable  oharaotBP^BtioB  but  tjaree  are  paa^tioularl.y  lapttrtant: 

(i)  high* energy  reisaee.  Oh  reaction,  (2)  relatively  stable- to 
shook  and  elevated  temperatures,  and  (3)  low  cost  of  manufacture. 

In  addition  It  Is  desirable  that  It  be  non-corrosive,  non-toxic, 
that  it  react  rapidly,  and  that  It  have  varlousdeslrable  physi- 
oaT  properties  such  as  low  freezing  point,  high  boiling  point, 
high  density,  low  viscosity,  eto.  As  a rooket  motor  propellant, 
the  flame  temperature  attained  and  average  molecular  weight  of 
the  combustion  products  are  also  particularly  Important.  It  is 
obvious  that  no  one  ohemioal  substance  will  be  the  Ideal  oxidant. 

To  the  contrary,  very  few  eubstancea  have  been  found  to  even  ap- 
proach the  desired  set  of  charaot eristics  and  only  three  have  met 
with  any  appreciable  anpiicationj  liquid  oxygen,  concentrated 
nitric  add,  and  concentrated  hydrogen  peroxide.  Hydrogen  per- 
oxide has  the  disability  that  even  In  100)C  solution,  only  4?)( 
by  weight  of  the  substeuioe  Is  available  ae  oxygen  for  oombuatlon 
of  a fuel,  as  compared  to  63.5)(  of  nitrlo  acid  whioh  ie  available 
as  oxygen,  or  100)<  li’  pure  oxygen  is  used.  Offsetting  thle  disad- 
vantage, however,  Is  the  substantial  heat  released  when  hydrogen 
peroxide  is  decomposed  to  water  and  oxygen.  The  power  or  thrust- 
producing  capabilities  of  these  three  oxidants  in  any  specified 
system  and  with  any  specified  fuel  do  not  vary  from  one  another 
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by  more  than  10  - 20%,  and  a ohoioe  among  the  three  for  use  in 
a bl-propellant  system  has  therefore  been  based  on  other  oon- 
slderatlons. 

Experimental  use  of  hydrogen  peroxide  as  a source  of 
energy  was  initiated  in  Germany  in  193^  in  the  searoh  for  new 
sources  of  power  Independent  of  air  for  the  propulsion  of  under- 
water craft.  This  potential  military  use  stimulated  the  in-  , 
dustrial  development  by  E.  V.  M.  in  Germany  of  a concentration 
process  to  produoe  higher  strength  aqueous  solutions  which  could 
^t^enaahdlad  and^tbred  with  an  acceptably  low  rate  of  decompo- 
sition. At  first  a 6 0/i  aqueous  solution  was  iuppliedifor  mili- 
tary use/fbut'  this  obnoentration  was  later  ihbreased  until  solu^ 
tions 'bontaining  up  to  85^  hydrogen  peroxide  were  maHe  arail- 

hybyceen  peroxide  dwrlng  the- -late  1930's  in^turh  led  to  4?ts 
,applicat IpblJji  fteraany:  'for Id  _War- l-I— f or  -pbwe.r 

in  various -bthor  military -deyioesf  Per  example  hydregen  perox- 
ide was  first  used  in  1937  iq  Germany  for  auxiliary  propulsion 

''  i: 

Of  an  aircraft  and  in  rockets. 

An  early  embodiment  of  a process  fbl*  generation  of 
propuleive  power  from  hydrogen  peroxide  was  the  scheme  of 
Lysholm  (78)  whloh  proposed  techniques  for  generating  power  from 
the  thermal  deoompoaition  of  hydrogen  peroxide,  followed  by  oom- 
bustion  of  a fuel  with  the  oxygen  generated.  Eowever,  no  actual 
application  of  his  soheme  Is  known. 

Highly  concentrated  solutions,  containing  up  to  90^ 
hydrogen  peroxide,  were  also  produced  on  a oommeroial  scale  at 
the  end  of  World  War  II  by  the  Buffalo  Sleotro-Ohemioal  Go. , in 
the  United  States  and  B.  Laporte,  Ltd.,  in  Great  Britain. 

Concentrated  hydrogen  peroxide  may  be  used  either  as 
a monopropellant,  in  which  it  is  daoomposed  under  pressure  to 
yield  a gaseous  mixture  of  oxygen  and  superheated  steam,  or  as 
the  oxidant  for  the  burning  of  a fuel.  The  monopropallant  sys- 
tem is  meohanioally  more  simple  but  leas  energy  oism  be  developed 
per  pound  of  propellant.  In  tho  bi-propellant  system,  the  per- 


oxide  may  be  first  deoompoBed  and  then  the  fuel  burned  In  the 
hot  deoomposltlun  products,  or  the  two  liquids  may  be  reacted 
-together  dlreotly-wlthout  previous  decomposition  of  the  perox- 
ide. The  latter  Is  more  simple  mechanically  but  may  offer 
problems  In  Insuring  Initial  Ignition  and  smooth  and  complete 
.combustlori.  In  each  case  power  or  thrust  Is  developed  by  ex-- 
ipanslon^i  of  the  hot  gases.  The  various  kinds  of  rocket  power"  ; 
plants  based  on  hydrogen  peroxide  which  were  used  In  (Jermany 
.during  World  War  II  are  described  in  considerable  detail  by 
■ifalter  (79)  »fhp  was  closely  associated  with  t^e-development  : 
lof  many; of  the  _(Jorman  military  applications  of  hydroge'n  perox- 
ide. - a'" number  of  drawlngB  and  photograph  are  also  shown. 

AconAlder^ble  amount  of  work  was  done  In  Germany  before 
;hd:duriag  i?rzdevelQp“;f u^s  ^whio^:-.would..he„dalfk^^^^^^ 

:igriiting  ( wlt^h  eoKoenta^ated  hydrogen  peroxide  or  - 
hitrio-  aoid.  ^h»  wla-owitwdott-of  suitiabllity  the  mihjp^  “ 
tine  which  elapses  bttwesn  oontaot  of  the  two  liquids  and  appear- 
ance of  flame  (ignitiOn  delay).  The  technique  of  mixing  greatly 
affeots  the  rr^ults,  Oio  oonelderably_different  oonoluelona  may  : 
be  reported  on  the  sacie  fuel-oxldant  combination  by  different 
Investigators.  The  presence  of  email  amounts  of  certain  metal 
salts  in  the  fuel  also  may  have  a powerful  effect  on  reducing 
the  Ignition  delay,  or  even  In  making  the  system  self-lgnltlng 
at  all.  In  a few  of  these  oases  the  aotlvity  of  the  metal 
salt  seems  to  be  primarily  that  of  a oatalyst  which  decomposes 
the  hydrogen  peroxide  and  thereby  raises  the  tempeirature  of  the 
system  to  the  Ignition  point  of  the  fuel;  more  often,  the  role 
of  the  catalyst  is  more  subtle.  Thus  suitable  oatalyats  seem 
to  form  complexes  with  the  fuel,  but  the  complex  must  be  neither 
too  strong  nor  too  weak.  Fuels  which  have  been  found  to  be  hyper 
gollc  with  concentrated  hydrogen  peroxide  fall  within  one  of  the 
following  groups  of  chemical  structureo;  (l)  Inoi'ganlo  amines 
(e.g. , hydraslne) , particularly  In  the  presence  of  dissolved 
copper  and  Iron  ealts  euoh  as  potassium  ouprloyanlde  and  sodium 
nitropruaside,  and  also  some  organic  amines  such  as  toluldlne 
and  various  diamines;  (2)  compounds  having  unsaturated  bonds 


other  ihan  those  aseoolated  with  the  benzene  ring  such  as 
(a)  several  oonjugated  double  bonds,  (b)  unsaturated  bond  plus 
a keto  or  hydroxy, group,  (c)  unaaturated  5-member  ring  compounds 
like  furan,  pyrrole  and  oyolopantadlene;  (3)  aldehydes  such  as 
crotonaldehyde;  (4)  higher  aliphatic  alcohols  and  compounds 
containing  hydroxy  groups  such  as  pyrocateohol.  In  each  of 
these  oases  the  effect  nay  be  markedly  increased  by  the  aolu™ 
tlon  in  the  fuel  of  a salt  of  iron,  copper,  nickel,  vanadium 
or  oobal-t.  A large  amount  of  det.^led.  information  on,)the 
German  studies  is  available  (80) . Broatoh  (81)  reoehtiy  pub- 
lished a description  of  ah  apparatus  for  measuring  Ignltflph 
delays,  including  results  obtalniid  ualng  80%  hydrogen  peroxide  \ 
yas"  the  ^xldi-zer.  ■ ” ; - 

ZcZZZji"-””  of : aCuehua-^hydrdg^ 

-ide  eolutiena  la-^uf-fiCient  under  adiabatic  g^hdiitiona  to  Ttper- 
Ixe'  all  the  «ater  Ihlttaiiy^prBaent,  pl\i|s 

deoompoaltlon,  if  the  initial  hydrogen, p'erdxlde  concentration 
ia  greater  than  about  68  wt.  %.  If  oonditions  are  auoh  that 
all  the  liquid  is  vaporized,  the  final  temperature  atta^ed..i_a_. 
aubstantially  Independent  of  pressure.  The  adiabatic  deoonpoai- 
tion  temperatures  have  been  oaloulated  for  various  oonditions  (82) 
Figure  1 shove  the  temperatures  which  are  attained  on  various 
degrees  of  deocmposition  at  515  psia  of  oonoentrated  hydrogen 
peroxide  solutions  initially  at  room  temperature.  The  energy 
whloh  oan  be  developed  depends  upon  the  mechanioal  system  em- 
ployed, the  initial  and  final  pressures  and  the  peroxide  oon- 
oentration.  As  an  example,  the  complete  decomposition  at  515  psia 
of  65%  hydrogen  peroxide  in  a eteady-flow  process  followed  by  ox- 
paneion  of  the  gaseous  products  through  a reversible  (100)t  ef- 
ficient) work-producing  device  to  14.7  psia  (atmospheric  pressure) 
will  produce  sllghtlly  over  0.1  hp-hour  per  pound  of  original  solu- 
tion. Combuetion  with  a fuel  such  as  alcohol  or  a hydrocarbon 
before  expansion  can  approximately  double  the  energy  developed 
per  pound  of  fuel  plus  peroxide  solution.. 
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FRACTION  HYDROGEN  PEROXIDE  DECOMPOSED 

FIG.  I -EFFECT  OF  PRESSURE  ON  THE  ADIABATIC  DECOM- 
POSITION TEMPERATURE  OF  AN  AQUEOUS  SOLUTION 
INITIALLY  90  WEIGHT  PERCENT  HYDROGEN  PEROXIDE 


Techniques  of  Decomposition 


The  production  of  energy  by  decompoBltlon  of  concen- 
trated hydrogen  peroxide j either  with  or  without  aubsequenv. - 

reaction  with  a fuel,  requlrea  a technique  which  will  give 
rapid  and  complete  reaction  in  a minimum  volume,  Although  in 
' principal  such  decomposition  could  be  obtained  by  a purely  thermal 
method,  as  proposed  by  Lyaholm  (78),  the  problems  of  reliable 
Btart-up  jind  operation  have  always  led  in  practice  to  the_use  of 
o^alyst,  except  where  direct  reaction  with  a self -igniting  fuel 
ihas  been  deed.  A number/ of  eubstanoes  are  very  active  decomposi- 
tion oatalysts,  partloularly  the  oxides  of  various  heavy  metals. — 
One  Bimpl'e  technique  is  to  spray  an  aqueous  solution  of  a perman- 
pnate  salt  oontlnuoualy  with  the  hydroge^i  peroxide  solution  into 

er . - 'The  pypmangttng.t  e-i  on-l  s -4.Bmedi.»tely-:  - - - ; 
reducad  tc  form  finely,  divide^  ^ajtlelei  ofL  solid  m8ing(^naa|  ^Tdei, 
■|fM^i"eahstltai^“  laotual  o Atij;iyBt  r By  uslTig’niu?? lolan tly 
atomltatlon,  as  high  as  1 kil9gz*aiR  Of  obnoentrated  hydz>6geh  |>er- 
oxlde,  can  Ije  depomposed  per.  aeo.qp^  p,er  11  tor  of  volume  ,(79|). 

This  tsohnlque  war  u^ed  In  Oerttany  f or  catapult  launching , and 
for  Bteam  generation  <to  drive  the  pumps  of  the  V-2  rocket.  The 
solubility  in  water  of  permanganate  aalte  Increases  in  the 
order:  potassium,  sodium,  calcium, and  therefore  oonoentrated 

solutions  of  either  the  sodium  or  the  oaloium  salt  were  used., 
Calcium  permanganate  was  of  particular  value  for  winter-time 
use  because  of  the  low  freezing  point  of  its  highly  oonoentrated 
s'plutions. 

This  usb  of  permanganate  solutions  for  peroxide  decompo- 
sition, however,  has  not  only  the  disadvantage  of  the  extra  com- 
plexity aesoolated  wJth  handling  an  additional  fluid,  but  also  a 
continuous  stream  of  solid  material  is  swept  along  with  the  ate^un- 
oxygen  mixture  which  Is  highly  objeotionoble  if  it  is  to  be  passed 
through  a turbine.  Therefore  a number  of  solid  catalysts  were 
developed  in  (hermany  which  oould  be  paoked  into  a bed  into  which 
hydrogen  peroxide  could  be  sprayed  continuously.  A wide  variety 
of  catalysts  were  studied  and  eome  epcclfic  formulation a which 


were  ultimately  usel  nave  been  reported  (83).  One  type,  used 
In  the  German  hydrogen  peroxide-driven  submarine,  consisted  of 
pyroluBlte  ( neturally-ocourring  MnOg)  mixed  with  cement  and  . 

sand,  and  molded  Into  pellets.  In  a second  type,  highly 
porous  porcelain  stones  were  soaked  In  a mixture  of  oaleium.  permanganate 
and  potafielum  chromate  and  dried.  The  latter  treatment  was 
purported  to  give  longer  lasting  surface  activity.  In  both 
oases  the  particles  were  1 - 1,5  cm  size.  It  was  reported  (79) 

. that  In  operation  at  25  atmospheres  pressure  1 kilogram  „of --  _ 

' either  of  these  two  kinds  of  catalyst  stones  would  decompose 
150  - 200  gm/seo.  of  hydrogen  peroxide,  and  thatjthey  had  a 
life  of  about  2000  kilograms  of  peroxide  per  kilogram  of .stone.  fr 

Small  amounts  of  impurities  in  the  hydrogen  peroxide, 

■- .^el^  the  manuf ao t urlniic~M  s 6r ~ a t abl lie er a ■ 

' 1 «lM,.gra4uaily  the  oatalyst^  The 

■ magnirtude-of  the  effect  will  vary  ^ 
the -catalyst  and  the' amounts  and  nature  of  the  materials  present 
in  the  hydrogen  peroxide.  Therefore  in  suoh  applicatlone  it  IS 

la^oiLtan_t_.tp_use  as  highly  pure  hydrogen  peroxide  as  possible , 

containing  the  minimum  ^acoeptjible  dohoentratlon  of  _e^ablllzeM;:  _ __  _ 

It  is  evident  that  the  prooeeees  occurring  In  a deoompo-'; 
eltlon  chamber  are  extremely  complex,  proceeding  from  a liquid 
phase  reaction  at  ambient  temperature  and  In  concentrated,  hydro- 
gen peroxide  at  the  Inlet,  to  mixed  liquid  and  gae  phase  deooupo- 
eition,  to  a vapor  phase  decomposition  at  high  temperature  and 
vanishingly  email  peroxide  oonoentratlon  at  the  exit.  The  theo- 
retical deelgn  of  such  a deoompoeer  was  analyzed  by  Luft  (84) , 
making  a number  of  simplifying  assumptions,  but  It  is  evident 
that  In  practice  deelgn  will  be  fairly  emplrloal.  Luft  also 
describee  a number  of  practical  problems  which  occur  In  de- 
composition chamber  design  and  operation.  Thus,  although  a 
deoompoeltlon  ohfiunber  operates  under  conelderable  preaeure,  it 
starts  up  at  atmospheric  pressure,  for  which  condition  a sub- 
stantially longer  bed  le  .'required  than  at  higher  presaursa. 

Also,  the  bed  la  initially  cold,  and  the  necessity  for  high 


catalyst  activity  becomes  most  acute  at  the  Inlet  of  the  chamber 
and  on  Initiation  or  reaction.  For  this  reason  auoh  stratagems 
are  suggested  as  the  application  of  a layer  of  especially  aotlva 
material  over  the  regular  catalyst  particles, “the~layer  perhaps 
containing  a substance  whloh  will  dissolve  in  the  initial  flow 
of  peroxide  and  produce  rapid  homogeneous  reaction.  This,  of 
course,  is  only  practical  for  a system  which  is  to  be  used  but 
once.  The  initial  oatalynt  rone  is  subject  to  high  thermal 
and  mechanical  stress.  Moreover,^  loss  of  catalysJL  activity 
ooours  most  readily  In^  this  rone  during  operation  by  reaotloiv 
of  Impurities  or  stablllrers  In  the  peroxide  or  by  coating  of  ■ 
^opositSv  by  evaparation. — proposal  for  overcoming-  this  gradual 
Inaotlvat^lon  is  to  ee^  construct  the  catalyst  that  slow  mechanical 
eroelon  oocurs,  thereby  egntlnuoasly  making  fresh  catalyst  surface 

can  he.  JBllMlttefl^  Shriaag. 

Another  problem  dltsd  rs  that^of- oscillation  pulsa- 
tions of  flow.  This  can  occur  If  a portion  of  the  be^  contains 
catalyst  of  low  or  moderate  aotlvlty,  ffr  example,  afi\er  a bed 

^ •.  ^ _ _\i_ 1^''  

-has  been  operated- for  suoh-a— time  that-^the  upstream  ]^,;ptloh8-of, 
the  catalyst  have  lost  much  of  their  activity . A momeiltary  low 
pressure  oauses  an  Increased  quantity  of  peroxide  to  enter  and 
"flood*  a portion  of  the  catalyst.  This  peroxide  suddenly  de- 
composes after  a very  short  but  finite  time  Interval, ; suddenly 
rsdslng  the  pressure  and  deoreasing  the  inlet  peroxide  flow. 

The  subsequent  drop  In  pressure  as  this  gas  laaves  ths  ohamber 
in  turn  allows  an  Inoreased  peroxide  flow,  and  the  oyole  Is 
repeated.  The  phenomenon  should  not  ooour  if  the  catalyst  Is  all 
of  very  high  activity,  and  the  oscillating  effect  will  be  worse, 
the  lower  the  oatalyet  activity,  whloh  allows  greater  peroxide 
aooumulatlon  before  the  sudden  deoomposltlon  oocurs.  A possible 
oorrectlve  measure,  besides  use  of  a more  active  oatalyet,  la  to 
provide  for  a higher  pressure  drop  through  the  noxsles  feeding 
the  peroxide  to  the  chamber,  or  to  use  other  techniques  whloh 
help  divorce  the  rate  of  feed  from  chamber  pressure. 
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The  charactiristlca  of  liquid  and  vapor-phase  deoompo- 
sitloa  are  nonaldered  in  Chapter  8. 

- The  variouB  military  applloatione  of  hydrogen  peroxide 
in  Germany  will  bo  briefly  reviewed  below.* 

Use  in  Submarine  Propulsion  

Before  World  War  II,  submarines  were  conventionally 
driven  by  Diesel  engines  while  on  the  surface  and  battery- 
fed  electric  motors  while  submerged.  The  available  capacity  and 
discharge  rates  of  the  bat^teplee  severely  limited;' the  capablli- 
tie_s_  of  the  submarine  in  underwatof  propulsion,  lit  is  partleu-  - 
larly^desirahle  for  ar  submarine^  to^  have  a high  underwater  epeed 
for  eeoape  after  attack,  but  .^the  tot^l  energy  attainable  on  rapijl;  - 
dl8charge^f.-batteriaa.i-la^flubatantiAiiy-leee.-than  that  .if;lthey:____ 
ar^  ar^hWged'  «6r«  fliawiy . : 

“suTinaf^ni.  laiJ^the-fcegiaBlog'.yofljfo  that  ■- 

type  7C  submarine  which "Had“a  leuffaq^  epeed  of  1?  knots  . ^ 

merged  speed  of  7,5  knots  (85);  thejlatter  could  be  maintained  for 
only  a very 'short  time.  During  the- war  Germany  built  the  type  21 
boat  w)iIoh  waiT  capable  uf*  a Burfaqe[  ep^ed  of  15.5  kiiotr and- -B-.,Bub- 
merged  epeed  of  16,5  knots  for  one  hou;r,  obtained  by  large  battery 
capacity  and  the  uee  of  very  thin  gride  in  the  batteries. 

The  uee  of  hydrogen  peroxide  for  submarine  propulelon 
was  developed  at  the  Walter  Werke,  Kiel,  where  an  60-ton  experi- 
mental submarine  wae  built  before  the  wtkr  and  demonstrated  a sub- 
merged epeed  of  25  - 26  knots.  This  wae  followed  by  the  oonstruo- 
tlon  during  the  war  of  four  school  boats  and  five  operational  boats, 
designated  ae  type  17B.  These  had  380-ton  dlsplnoement , surface 
speed  of  8.5  knots,  and  svibmerged  epeed  of  25  knots.  However,  they 
were  never  put  into  operational  uee  because  of  the  shortage  of  hy- 
drogen peroxide.  At  the  end  of  the  war  there  was  under  oonatruo- 
tion  a "type  26"  boat  to  have  been  of  900-ton  dlaplaoement,  11  knots 


* In  a number  of  descriptions  of  German  work,  particularly  transla- 
tions of  German  documente  and  other  literature  not  appearing  In  the 
usual  technical  lournale,  concentrated  hydrogen  peroxide  la  referred 
to  under  tho  German  military  code  namoa  of  "T-Stoff,"  "Renal"  or 
■Ingolln. " 
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surface  apeel  and  24  knots  submerged  speed,  with  capacity  for 
about  S'O  tons  of  hydrogen  peroxide — sufficient  to  maintain  the 
maximum  submerged  speed  for  a total  of  about  6 hours.  The  I 

peroxide-driven  engine  was  rated  a~t~?500  hp.  ' ■ 

The  power  plant  la  shown  dlagrammatloally  in  Figure  2.  i 

Concentrated  hydrogen  peroxide  was  pumped  Into  a packed  catalyst 
chamber  where  1-t  was  decomposed.  The  catalyst  consisted  of 
porous  stones  Impregnated  with  a permanganate  and  allowed  to  dry.  ■ 

The  sodium  or  calcium  salts  were  preferred  for  the  treatment  be-  i 

cause  of  their  high  solubility  in  water.  Water  was  also  sprayed 

into  the  combU-SJblon  chamber  with  the  fuel  (Diesel  oil  ot  deoalln)  l__ 

In  ordex’  to  lower  the  temperature  of  the  oombustlOTi  gases  to  4 

about  102b°F,  the  maxlmton  allowable  liaet  temperature  for  the 3 

;turbi,na.‘  Turbine  exit- -gai-fs  were  cooled ,^ao.ae  of  the  condensed  1 

water'Mlcy^e  chaibBr,~and  th#  rinsHi  - - * 

plus  non-dOhdenaAbla  gasBB7  Trat..  ptaBped-,o.y^  The  hydrogen  “ ^ 

pleroxlde  was  stored  In  collapsible  polyvinyl- ohlorlda  bags  out-  | 

side  of  the  preeeure  hull,  a disadvantage  to  the  peroxide- 
driven  submarine  la  the  quantity  and  oost  of  the  hydrogen  peroxide  1 
“required.  Moreover,  other  operating  eharaoterlatlos  such  as  cruts — 

? ' - ' ’vr 

ing  radius,  space,  eto.,  had  to  be  somewhat  saorifioed  to  obtain 
the  unusual  underwater  performance.  More  details  of  the  aerman 
peroxide  submarines  have  been  published  by  MoKee  (65). 

Use  of  atomic  energy  would  presumably  permit  underwater 
propulsion  for  almost  unlimited  periods.  Initiation  of  the  oon- 
struotlon  of  power  plants  for  two  at omlo -powered  submarines  had 
been  announced  by  the  United  States  Mavy  by  1952.  'Jane's  Flght-^ 

Ing  SMps  1950~51"  (86)  reports  that  the  United  States  Navy  has 
projected  the  oonstruetlon  of  one  atomlo-( nuclear-) powered  sub- 
marirs  of  25OO  tons  displacement  to  cost  |40,000,000,  and  one 
submarine  of  2200  tons  dleplaoement  to  be  powered  by  hydrogen 
peroxide  In  a closed  oycle  engine,  to  oost  137,000,000.  I 

Use  In  Torpedo  Fropulelon  | 

A torpedo  Is  In  effect  a miniature,  automatlonlly-  ! 

operated  submarine.  At  the  beginning  of  World  War  II  most  opera  ' 
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tlonal  torpedoea  ueed  by  the  various  belligerents  were  powered 
either  by  electric  baoierlea  and  motor  or  else  by  combustion 
of  a f^ei  I alou  sol,  kerosene,  decalln)  In  air  supplied 

from  compressed-air  t, inks.  The  hot  combustion  gases  were  then 

expanded  through  either  a reciprocating  engine  or  turbine  which 
drove  the  propellers.'  Replacing  the  air  with  oxygen  or  hydrogen 
peroxide  reduces  the  weight  for  a specified  performance,  or  per- 
mits the  attainment  cf  higher  speeds,  ranges,  or  Increased  war- 
head slie.  Liquid  o>;ygen  was  used  In  the  Japanese  type  93  tor- 
pedo but  It  lntroduo|.ta  many  problems  of  storage,  mainiienanoe 
and  hazard.  . ^ , 

A variety  jjff  German  torpedo"6s  were  developed  tn  use 
80J6  hydrogen  peroxldo  as  the  oxidant  with  deoalln  as  the  fuel. 
.Combustion  was  Initiated  by  injecting  into  thp  combustion 
: oh&illbar  *br  tL,^>  Ai..  at  few  Seconds  an  80^  aquebua-:  aolu^"idh-hf  ' r ~ 
— hydraalne  hydrate,  contilnlns  dli8plyed  potaa_ilum  copper  cyanide 
or  other  oopp^ziv  oonpouhds  as  a oataijfist.  7his  fuel  epchtandously 
Inf  lamas  with  concentrated  hydrogen  pWuxide.- -An  additional  ad- 
VfU^,tage  of  the  peroxide-driven  torpedoea  over  those  using  air  . wa§ 
that  the  combustion  gases  were  readily  soluble  in  water  and  there- 
fore the  torpedo  could  be  made  essentially  wakelese.  Considerable 
detail  oonobrnlng  the  various  German  peroxide  torpedoes  is  given 
In  a report  by  Coleman  and  Kilpatrick  (83).  Mechanical  details 
and  performance  data  of  two  different  German  torpedoes  using 
hydrogen  peroxide  have  also  been  published  by  Maxfleld  (8?)  and 
oompsred  with  thoee  of  other  torpedoea.  It  is  reported  that 
about  1000  pAroxide-driven  torpedoea  of  various  types  were  manu- 
factured In  Germany  during  World  War  II. 

Use  In  Rocket  Propulsion 

The  relatively  high  cost  of  oonoentrated  hydrogen  per- 
oxide relative  to  liquid  oxygen  or  nitric  add  Halts  its  appli- 
cations as  the  oxidizer  in  rocket  propulsion,  particularly  for 
large  rookots.  Its  largest  scale  use  was  in  the  Hel63  Inter- 
ceptor airplane  developed  In  Germany  during  World  Wiu*  II,  which 
was  the  first  roeket-propelied  piloted  aircraft  ever  flown. 
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In  the  first  stages  of  development,  a simple  power 
plant  utilizing  the  decomposition  of  concentrated  hydrogen 
peroxide  alone  was  used.  However,  the  specific  impulse  of  this  — 
system  Is  quite  low  and  it  was  replaced  by  a bl-propellant  "hot" 
unit  using  a fuel  consisting  of  a mixture  of  30/^  hydrazine  hydrate 
plus  dissolved  catalyst  (potassium  copper  oyanlde),  57^  methyl 
alcohol  and  3,3^  water.  This  fuel  was  self -igniting  with  hydrogen 
peroxide.  Methyl  alcohol  was  used  iji  the  fuel  mixture  to  extend 
the  supplies  of— hydrazine  hydrate  and  water  was  added  to  reduce 
the  oombustlon  temperature.  The  alrorsift  weighed  9020  pounds 
when  fully  fueled  andrthe  rocket  motors  could  produce  a73300- 
pound  thrust,  which  enabled  it  to  climb  to  30,000  feet  in  about 
^two^^lnutes.  Even  though  of  the  take-off  weight  of  the  air-  ■ 


plane  was  operatldhaT  radius ' was  extremel^tMm 


and  ib_had  a normal  endurano.e  of  only:.  10  - 20  minutes,'  at  thO\  moat. 

The  'fuel  flupply-wat-'fldf  f-lodent  ior  only  4-  minute  & at  the  maiaikun  _ 
rate  of  oonsumptlon,-  More  detallfl-lncludlng -perfofBianoe  datk  on  - 
the  Mel63  aircraft  are  given  by  Walter  (79)  and  by  Zuorow  (.88) 

Who  also  dltes  the  pArfqrmanoe  oharaoterlstioa  of  various  l^uid  - 
propellant  systems  in  rooket  motors. 

Hydrogen  peroxide  was  also  uifed  with  fuel  containing 
hydrazine  hydrate  in  some  German  asslsted-take-off  units  which 
provided  additional  thrust  during  take-off  of  aircraft  and  then 
were  dropped.  A typical  unit  was  the  HWK  Rl-209  used  with  the 
Helnkel  He- 111  and  Junkers  Ju-88.  The  motor  weighed  5^0  pounds 
empty;  it  carried  <466  pounds  of  peroxide  solution,  6l  pounds  of 
fuel  and  produced  a thrust  of  3300  pounds  for  30  seconds.  How- 
ever, take-off  units  based  on  decomposition  of  peroxide  alone 
(with  aqueous  sodium  permanganate  or  calcium  permanganate  solu- 
tion as  the  oatalyst)  were  also  used,  particularly  for  smaller 
aircraft  where  their  greater  simplicity  more  than  compensated 
for  the  lower  specific  Impulse  obtained.  As  examples,  the 
Pocke-Wolf  ATO  FW-56  developed  650-pound  thrust  for  30  seconds; 

Henkel  units  He-111  and  He-126  developed  a maximum  of  2200-  and 
llOO-pound  thrust.  More  details  are  given  by  Walter  (79). 
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A monopropellant  or  "cold"  take-off  unit,  called 
"Sprite,"  has  been  reoently  announncd  by  the  DeHavllland  Engine 
Co,,  for  general  application  to  Jet  aircraft,  civil  or  military. 

Two  units  would  be  used  on  take-off.  Each. holds. -39  gallons  of 
6Q%  peroxide,  2^  gallons  of  permanganate  catalyst  solution, 
weighs  925  pounds,  and  develops  5000  pounds  thjnist  for  9 seconds. 

Complete  design  details  are  given  (89).  Solid  propellant  take- 
off units  are  simpler  In  oonstruotlon  than  liquid  propellant 
units  and  are  frequently  preferred  today.  _ _ . 

Colilns  (90)  has  made  a detailed  study  of  thenporfbrin- 

anc8~,  c)f  a small  rocket^  motor  (about  W pounds^  thrust)  using  9 0)^ 

.hyd.rogen  peroxide  and  two  different  aelf-lgnl ting,  fuels,  (1)  an 
85^  aqueous  solution  of, hydrazine  hydrate  containing  Iron,  and 
copper  salts  as  catalysts,  and  (2)  methyl  alcohol  oontalning 

_200...graa.f/4|,:>Br--o  :f  errou^^  J :~napHt]^ldne- Ta  . 

rt'  Wai"-1!^und^^  objfeaJihed  in.  saph-s; -swall i. 

motor  oaft  dJTaB^^  that  oommonly  dbidj^yell  in  a large>*  | 

scale  motor  whioh  provides  an  approximately  e.qualr  residenoe"  time  ! 

for  the  reactants.  The  experimental  results  are  compared  with  i 

theoretical  predlotions  and  the  problem  of  how  to  allow  for  heat 
loss  In  making  such  a comparison  le  considered  In'partioular. 
Considerable  Information  is  also  given  on  the  performance  of  vari- 
ous types  of  Injectors. 

A very  readable  book  which  recounts  the  development  of 
rqoket  propulsion  has  been  prepared  by  Willy  Ley  (91).  For  a 
more  technical  analysis  of  rocket  and  Jet  propulsion,  see  the 
bocks  by  Zuorow  (92)  or  Button  (93).  The  prlnolplee  of  rocket 
propulsion  and  design  and  performance  of  liquid  propellant  rockets 
are  also  presented  by  Seifert,  Mills  and  Suramerfleld  (9^)  and  by 
Diploek,  Lofts  and  Orlmaton  (95). 

Use  in  an  Auxiliary  Power  Source 

The  continuous,  complete  decomposition  of  hydrogen 
peroxide  produces  a super-heated  steam-oxygen  mixture  at  a con 
stant  temperature,  fixed  by  the  peroxide  concentration  used, 


nn(\  oaii  •chereby  provide  a simple,  reliable  and  oompaot  auxiliary 
e:  ^r/,v  source.  It  was  thus  used  In  the  German  V-2  rochet  co  power 
the  fuel  pumps  which  forced  the  main  propellants,  liquid  oxygen 
and  "75^  ethyl  alooh6r-255?  water,  Into  the  combustion  chamber. 

In  the  V-2  rocket  the  stream  of  peroxide  was  decomposed  In  a 
decomposition  chamber  by  Injecting  continuously  an  aqueous  solu- 
tion of  sodium  or  calcium  permanganate,  although  a mechanical 
system  using  flow  tl^ough  a bed  packed  with  active  catalyst  would 
be  simpler.  A particular  advantage  of  hydrogen  peroxide  in  tbis 
application  Is  that  the  temperature'"bf  the^ecompoeltlon  gas_es^ 
is  sufficiently  low  that  jio  diluent  need  be  added  before  they  ; 
“enter  the  ■curnine.  ^ ‘ “ " ’ - . 

•a  - - • - - • . 

-Use  In  Catapult  Launching 

flying  nibab^~^hieh  Tro:irMM  ; 

robot  aircraft  powered  by  sun  inteMlttofit  (pulse)  Jejt,  was.  _ 
lAunohed“froa  ^e  ground  by  a "pi  i^oh- type  catapult v powered 
by  concentrated  hydrogen  peroxide  decomposed  with  sodium  or 
(Calcium  permanganate  solution.  £aoh  launching  required  about 
1^20  pounds  of  hydrogen  peroxide  solution  plus  11  pounds  of 
/oalolum  permanganate  solution.  7 

The  two  fluids  were  sprayed  into  the  gun  breeching 
from  blow  cases  pressurized  oy  air  bottles;  the  peroxide  decompo- 
sition produced  an  internal  pressure  of  800  > 1000  pel.  A launch 
ing  speed  of  about  250  miles  per  hour  was  attained  with  a I50  ft. 
guntube,  corresponding  to  an  average  acceleration  of  about  I5  times 
gravity,  which  meant  that  reaction  must  be  eeeentlally  completed 
within  the  launching  period  of  0,75  eeoonds.  An  ingenious  meohanl- 
oal  device  was  used  to  connect  the  flying  projectile  above  the  gun- 
tube  with  the  piston  inelde. 

The  characteristics  of  the  German  launcher  have  been 
described  by  Bellinger  at  (96)  who  also  report  studies  of 
hydrogen  peroxide  decomposition  by  permanganates  In  thrust  motors. 
These  were  carried  out  In  a preliminary  inveetlgatlon  by  the  U.  S. 
Chemical  Warfare  Service  of  the  use  of  liquid  propellants  for 
launching  an  American  counterpart  of  the  V-1  bomb. 
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In  possible  ordnance  uses  of  liquid  propellants,  very 
high  chamber  pressures  may  be  encountered.  Earr  and  Wilson  (9?) 
have  published  results  of  calculations  of  the  thermodynamic 
properties  of  the  reaction  products  of  TOO^  hydro geh  peroxide 
and  100^  hydrazine  at  pressures  of  10,000  to  185iOOO  pounds  per 
square  inch.  The  data  Include  final  equilibrium  temperatures, 
densities  and  gas  compositions  for  reaction  under  either  constant 
pressure  or  constant  vb3.uroe  conditions. 

Hydrogen  Pej^oxide  aa  an  Explosive  

As  ,dlscua-'sed  in.  Chapter  >4’,  certain  mixtures  or  solu-  ^ 
tlons  of  orgahio  substances  in  concentrated  hydrogen  peroxide-  — 
form  very-sensitive  and  powerful  explosives.  For  commercial 

- ' "I  

use,  however,  it  is  nectasary  that  an  explosive  have  ajrory  low 
Cerliiih 

~and_wa(tar-have-been  found  to  be  insenailtlve  to  imeoh*nl.OAl  Impac-t 
such  aa,,j:l'f-le  rire; -bW-'d^  bjT  a blasting  oap  {?8)_.  The 

fact  that  the  two-  liquids  ai^e  each  non-explosive  by  themselves 
offers  a method  for  safe.,  tr^sportat.ion  wd  storage,  since  the 
expiosAve  Blxtu£f_nsed  be^fbried_pnly  the  site  and  then  only 
shortly  before  It  is  to  be  used.  However,  there  is  no  report 
of  these  mixtures  having  been  actually  used  commercially.  The 
reaction  of  hydrogen  peroxide  with  certain  subetancee  such  as 
powdered  aluminum  and  carbon  has  been  suggested  (99)  as  the 
basis  for  preparation  of  delayed-action  fuses,  although  the 
reactions  appear  difficult  to  regulate. 

USE  OP  OAS  FORKED  ON  DECOMPOSITION  OF  HYDROGEN  PEROXIDE 

The  fact  that  hydi'ogen  peroxide  releases  a gas  on 
deoompoeltlon  or  in  oertaln  reactions  is  the  basis  for  its  \use 
in  the  manufacture  of  porous  products.  Thus  it  has  been  used 
to  manufacture  porous  concrete  building  blocks,  In  foam  rubber 
manufacture,  and  i^.  has  also  been  oonaldered  as  a dough- leaven- 
ing agent.  Hydrogen  peroxide  is  a convenient  source  of  pure 
oxygen.  The  gas  formed  on  decompoeltlon  may  also  find  uee  as 
n flotation  agent,  as  l.n  the  recovery  of  pulp  from  mill  waste. 


I 


Use  in  Porous  Concrete 

For  many  buliainp;  applications  it  iB  d^ii’able  t©  use 
a low  density  building  block  or  construction  material  in  order 
to  save  weight  or  for  Its  insulating  value.  In  the  United  States 
expanded  perlite  or  other  low  density  aggregate  is  franuantly  in- 
corporated in  a concrete  mixture  for  this  purpose.  Oonsiderabla 
experimental  work  was  carried  out  in  Germany  before  and  during 
World  War  II  on  the  use  of  hydrogen  peroxide  to  produce  a porous  _ 
product  from  cement  mixtures.  Procedures  varied  depending  upon 
the  nature  of  the  aggregate  and  d08lre.d_pr-Qp_ertleB  of  thA  product . 
A typical  mix  contained  the  following  Ingredlei^Baddedj In  the  ^ 
order  given; 

(b) 

” ( Q) 


'■.i 


kilograms  _o f f ^6  ianir 
_ ...  I'  cement 

water  . : - 


(d) 

(e) 


3,5  liters  of  hydrogen  peroxide 
Calcium  hypochlorite  equivalent  to  the -hydrogen 
peroxide,  as  expressed  by.  the  reaction  below,  - 

ThVuse  of  catalyets  to  decompose  the  hydrogen  peroxide 
was  found  to  bo  uneatlsfactory,  Oalolum  hypochlorite  Is  not  a 
catalyst  but  reacts  as  follows; 


■ “ 


. -STk- 


CaOClg  4 HgOg- 


^ OaOl^i-  HgO  -f  0, 


(2) 


The  building  blocks  produced  were  reported  to  have  a 
specific  gravity  of  about  1,  a crushing  strength  of  about  25  - 30 
kilograms/ aq  cm  and  2 - 3 times  the  Insulating  value  of  ordinary 
building  blocks.  This  product  was  used  In  substantial  quantities 
by  the  German  Army  as  a building  material.  Doubling  the  amount 
of  hydrogen  peroxide  used  and  adding  about  0.?^  of  shredded  cellu- 
lose from  wood  pulp,  based  on  the  dry  weight  of  cement  plus  sand, 
produced  blocks  with  specific  gravity  of  about  0,5  and  crushing 
strength  of  20  kllograme/sq  cm.  Porous  gypsum  block  was  also 
made,  using  deocmposltlon  catalysts  with  hydrogen  peroxide,  having 
a speolflc  gravity  of  about  0.3  a;id  a cruehlnj',  eurengih  of  about 
4 kilograme/sq  cm.  Porous  concrete  made  with  hydrogen  peroxide 
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does  not  adhere  as  well  as  ordinary  concrete  to  steel  reinforc- 
ing rod,  since  the  peroxide  is  decomposed  by  the  metal,  forming 
a gae  film  between  the  rod  and  the  concrete.  However,  one  ad- 
vantage of  the  use  of  hydrogen  peroxide  here  over  many  other 
chemical  agents  la  the  fact  that  the  gas  can  be  produced  with- 
out heating. 

Foam  Rubber 


Foam  rubber  products  are  made  by  Incorporating  various 
ingredients  In  natural  or  synthetic  latex, , among  whloh-ls  a 
chemical  such  as  hydrogen  peroxide  whioh  will  liherate  gas.  The 
actual  teohniquea  used  have  net  been  publlolzed  by  the  manu-  ' - 


faoturera  but  it  is  known  that  the, quality  of  the  final  . product 
is  greatly  dependent  upon  such  factors  a8_iequenoe  and  timing  of- 


the  additions.  In  qne_prooeea,  -after  adddtion-of^thei^hydrogeR 
perq^ddei  the  late*- batter -la  allowed  ttrikparfflr  tt^  the  deeired 


degree'  in  the  mold-i  which  i qy,oh  firoiten  to  -preserve  the^  ' 

ishape  dnd  cellular -it rucfeure.  Thli- is- followed  by  curing,  and 


then  waBhlng. 


V ' V recent  Swlae  patent  (100)  quotes  the  following -foamu- 
lations  J to  1 liter  of  a latex  mixture  oontaihlng  100  parts  latex 
3 sulfur,  8 Zina  oxide,  1.5  accelerator  and  1 part  pigment,  is 
added  10  njlllllltera  of  30)1  hydrogen  peroxide.  The  mixture  is 
stirred  until  it  reaches  a volume  of  5 liters,  whereupon  150  ml 
of  15^  oaloiuffl  casein  and  20  ml  of  20^  ammonium  ohlorlde  are 
added.  The  foam,  whioh  is  claimed  to  be  stable  for  3 **  3 houre, 
is  then  vuloanised  at  95°0.  Other  formulations  are  also  given. 
The  final  total  volume  is  generally  determined  by  the  quantity 
of  hydrogen  peroxide  added,  and  soap  may  be  added  to  control 
bubble  size. 


Use  of  Hydrogen  Peroxide  in  the  Leavening  of  Dough 


Several  patents  have  been  issued  on  the  use  of  hydro 
gen  peroxide  or  peroxy  compounds  as  a dough- leavening  agent  (101) 
Hydrogen  peroxide  equivalent  to  0.5  - Z.0%  of  fihe  weight  of  the 
dry  flo”r  In  incorporated  into  the  dough,  and  it  is  allowed  to 


stana  until  ’r.ost  of  the  peroxide  hao  dlcappeared,  before  It  1b 
baited.  The  remainder  then. becomes  destroyed,  during  the  baking 
operation, -by  the  catalase  present.  Since- catalase  itself  is 
destroyed  by  elevated  temperatures,  It  la  Important  that  the 
baking  operations  be  so  adjusted  that  all  the  hydrogen  peroxide 
has  disappeared  by  the  time  that  the  catalase-destroying  tem- 
peratures  are  reached.  -A  comparison  of  bread  leavened  with 
yeast  and  with  hydrogen  peroxide  was  made  by  Bailey  and  Le- 
Clero  (102Lwho  carefully  analyzed  crust  and  orurab^for  ash, 


fat,  reducing  sugar,  total  dugar,  water-soluble  Bollds,  etc.  > 
Few  Bignifloant  differences  were  found,  except  that  the  taete^ 
of  th^peroxlde  bread  was  reported  to  be  Inferior  to  thi^^f 
yeast  bread;  It  has  also  been  objected  that  the  t-exture  ofllV—:- 
b^iad'"dr"  dak^J^avjne^rwit’h  h^^  peroxide-  la  ft 

regular}  . the  strength  of^jjhe  product  le  low  and  In  the  aouth . 
it  p^ducii'  a'drying  aeneVtlon  beoauae-o^the  enotmoue  abiorp-p- . 
Hive  power  endowed^^by-the  fine  texture.  Solid  perbxy  oonipounds. 
auoh  ae  oaloium  peroxide  jind  jirea  peroxide  have  also  been  pro- 
posed  as  baking  powder  Ingrediente  (103).  . I 


" 

Hydrogen  Peroxide  ae  a Source  of  Oxygen 


The  use  of  hydrogen  peroxide  epeolfioally  to  generate 
oxygen  has  not  been  exploited  to  a great  degree  outside  the 
laboratory.  It  has  been  proposed  for  repleniabaent  of  the  at- 
mosphere, ae  within  a submarine , and  has  boen  used  to  keep  finger- 
ling  fish  during  ehipnent,  Conelderation  of  concentrated  hydrogen 
peroxide  as  an  oxygen  source  for  welding  and  other  uses  in  remote 
places  may  well  be  warranted,  since  90}^  hydrogen  peroxide  offers 
a weight  saving  of  more  than  50Jf  over  conventional  oyllndere  of 
oxygen;  return  of  empty  containers  ie  even  more  eoonemloal.  Vhsre 
larger  quantities  of  oxygen  are  required,  a liquid  oxygen  plant 
becomes  in  turn  more  attractive. 


Dilute  hydrogen  peroxide  solutions  are  a convenient 
source  of  email  quantities  of  oxygen,  such  as  might  be  desired 
In  laboratory  work  or  in  lecture  demonstrations.  A convenient 
procedure  Is  to  run  the  hydrogen  peroxide  solution  Into  a oon- 


talner  or  an  apparatus  operating  on  the  principle  of  the  Kipp 
Generator  and  containing  a solid  catalyst  such  aa  manganese 
dioxide, 

HYDROaEN  PEROXIDE  AS  A SOURCE  OF  FREE  RADICALS 
Polymerization  Catalyst 

The  polymerization  of  moat  unaaturated  comjpounda..  suoh 
as  styrene,  vinyl  acetate,  methyl  me thaory later  etc. , oan  be  ac- 
celerated by  addition  of  hydrogeni  peroxide  or  other  peroxy  oom- 
pounda  (lOl*).  The  effect  la  due  to  the  free  radlcala  produced 
on  decompoaltlon  of  the  peroxide,  which  are  known  to_lnltiate 
polymerization  ohalna.  V^ylng  the  concentration  of  pefoxlde  — 
uaed  and  other  experitaental  condltlona  provldea  eonalderable  ogn- 
~trol  9Yer'~the  Average  moleouiar  welgEt  and  -other— proj^ertl ee  of  ^ . 
the  product . The  addition  of _ amall^j^uMsrof-p^yfltl^^^ 
oatalyata,  su^  as  iron,  greatly  increase's  the  production  rate  of, 
radlcala  by-  peroxide  decomposition  and  thereby  mskes  It  possible 
to  achieve  substantial  polymerization -rates  at  much  lower  tempera- 
tures, By  this  means,  polymers  of  superior  physical  properties 
can  be  produced,  such  ae  "oold  rubber*  in  the  synthetic  rubber 
field.  The  initial  reactions  ooourrlng  are  shown  In  the  equations 
below j 

Fe^'*’  + H2O2 ) F9^*  0H~  ♦ oh 

OH  + C • C f HO  - C - 0 

Any  one  of  a number  of  peroxy  compounds  may  be  chosen  for  use 
ae  a polymerization  catalyst.  For  example,  potassium  peroxy- 
displfate  was  used  during  the  19^0 ‘s  In  the  United  States  for 
oo-polyaerizing  butadiene  and  styrene;  a numbei*  of  organic 
peroxides  euoh  ae  benzoyl  peroxide  and  cumene  hydroperoxide  have 
found  various  applications. 

Depolymer Izatlon  of  polymers  such  as  cellulose,  starch, 
rubber,  etc.,  le  also  accelerated  by  peroxides,  but  the  effect  is 
probably  due  to  the  oxidation  and  aubeequent  breakage  of  bonds 
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rather  than  to  the  iformatlon  of  free  radicals  as  such. 

Other  organic  reactlonfl  which  proceed  by  a free 
radical  meohani SKI  may  be  catalyzed  by  peroxides.  Examples 
include  the  addition  of  polyhalogenated  hydrocarbons  such 
as  bromoform  and  the  addition  of  phosphorus  trichloride  to 
double  bonds  of  an  olefin  (IO5). 

EFFECTS  OF  HYDROGEN  PEROXIDE  ON 

BIO^GIOAL  PROCESSES  - 

Use  of  Hydrogen" Peroxide  In  Medicine 

Hydrogen  peroxide  was  first  Introduced  Into  medical 
practice  by  Richardson  in  1856.  Following  Richardson's  ardent 
recoamendatlOM,  many  treatments  .ir^volying  the  use . of  hydrogen. 
..peroxide  were  developed- anar-theBe"sre- re  viewed  ^yRldhaM-” 

-"-Jdh  : (JLC6)  and  Thoee 

developed- for  epeGlfio  di seaaee  were  ohlef ly  symptomatlc-and'  ~ 
few  would  be  recognized  today.  Similarly,  the  Introduction  of 
hydrogen  p_eroxlde  as  an  antleeptlo  or  dleinfeotant  oojsurred  a_t_ 
a period  before  the  necessity  for  asepsis  in  medical  and  surgi- 
cal procedures  was  odmmonly  recognized  and  based  upon  splen- 
tlflc  prlnolples.  These  faots  reduce  the  extenelve  earlier 
medical  literature  to  little  more  than  historical  Interest. 

The  area  of  usefulness  of  hydrogen  peroxide  ae  an 
antleeptlo  and  dislnfeotlng*  agent  and  as  a treatment  for  pertain 
diseases  may  now  be  outlined  more  certainly.  These  medicinal  uses 
of  hydrogen  peroxide  do  not  account  for  a large  proportion  of  the 
hydrogen  peroxide  marketed,  but  the  use  as  a household  antleeptlo 
le  widespread.  Although  antleeptlo  agents  also  possessing  tinc- 
torial power  have  displaced  some  cf  the  favor  formerly  accorded 
hydrogen  peroxide,  public  familiarity  with  hydrogen  peroxide  le 


^ The  terms  antleeptlo  and  disinfectant,  as  well  as  the  elmllar 
terms  bactericide,  baoterlostat , germlcilde,  vlruclde  and  steril- 
izing agent,  are  often  used  synonymously . Strictly,  antiseptic 
is  taken  to  mean  that  which  inhibits  the  growth  of  micro-organisms 
without  nooessarlly  dpstroylng  them,  as  distinguished  from  a dis- 
infectant, that  which  frees  completely  from  Infection,  killing 
mi ero -organ  1 erne  and  rendering  vlruBes  inactive. 
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largely  confined  to  the  uae  as  antiseptic  and  a“  a hair  bleach. 
Various  other  peroxy  compounds  have  also  come  into  use  for  medi- 
cal purposes.  For  example,  urea  hydrqperoxldate  in  glycerine 
has  been  extensively  studied  and  appears  to  have  considerable 
effectiveness.  Inorganic  peroxides  such  as  zinc  and  calc iom 
peroxides  have  been  incorporated  into  cosmetics  and  tooth  paste 
beoause  of  their  antiseptic  action.  Hy^ogen  peroxide  also  has 
been  Inoorporated  in  pastes,  tablets,  ointments,  etc. 

Many  detailed  studies  have  been  made  of  the  baoteri- 

eldal  aotion  of  hydrogen  peroxide  and  peroxy  compounds  against 
various  microorganisms  (108)  and  its  efficacy  has  been  oompared  (109) 
with  suoh_qther  baoterioldes  as  the  merourio  compounds,  iodine ,\ 
phenols,  ethyl  alcohol  and  others.  However,  their  reported  rela- 

the-aet)^'^^o^ 

parlBon,  type  of  organism  studied,  oonoentration  of  the_  jigentj  ; ^ 
and  tide  of  oontaot. 

■■  - II 

The  ia  vitro  testing  of  an  antJLseptio  or  dlslnfeotant 
is,  as  it  ths(^  measurement  of  a chemldal''~reaetiqn  rate,  withT' 

oonoentration,  temperature,  and,  to  a limited  extent,  Solvent  or 
growth  mediuB  as  the  variables.  When  it  is  attempted  to  sxtrapo*. 
late  these  results  to  the  probable  aotion  in  tissue  fluids  there 
enters  a host  of  other  varlablee  which  are  diffloult  or  impossible 
to  duplicate  elfflultaneouely  in  in  vitro  tests.  In  addition  there 
must  be  oonsidered,  especially  in  the  treatment  of  wounds  or  the 
surface  of  the  skin  and  mucous  membranes,  the  rate  of  transport 
of  the  antiseptic  to  the  affected  area  and  its  time  of  resldenoe 
there  in  the  presence  of  forces  for  destruction  and  dilution. 

Such  physloal  rate  prooeeses  may  play  a determining  role  in  the 
effectiveness  of  an  antiseptic.  These  considerations  are  dis« 
ouesed  In  the  monograph  by  McCulloch  (110)  and,  for  hydrogen  per- 
oxide in  particular,  by  Brown  (111).  The  results  of  the  studies 
cannot  be  detailed  hero;  In  general  hydrogen  peroxlde-glyoerol 
solutions  seem  to  be  more  effective  against  gram  positive  than 
against  gram  negative  organisms,  although  baoterioetatlo  effects 
are  shown  ngainet  both,  and  hydrogen  peroxide  can  be  classed  as 


-S 
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a non-specific  bactericide . Higher  hydrogen  peroxide  concentra- 
tions and/or  longer  contact  time  are  needed  to  destroy  spore- 

forming  bacteria  such  as  B.  subtills  than  are  needed  for  poll- 

forms  such  as  E.  poll.  A particular  advantage  to  the  use  of 
hydrogen  peroxide  as  a .dlainf eotant  is  that  It  produces  relatively 
little  Inhibition  of  phagocytosis  (aotlvlty  of  certain  blood  and 
other  cells  in  destroying  waste,  harmful  bacteria,  etc.).  In 
general,  testa  ^ vitro  show  that  peroxide  concentrations  of  the 
order  of  0.001^  - O.ljK  at  room  temperature  Inhibit  growth  while 
oonoentx^lons  of  very  roughly-0. IJi  or  higher  destroy  the  organ- 
isms. Such  oonoentratione  are  also  capable  of  rendering  eolu- 
tlona  Intended  for  injection  pyrogen-free  (112).  This_ subject  _ 
Is  also  dlsouBsed  in  Bidlogloal^rooeBsas  in  Chapter  2.  — 

, — ; — The  advantitgee  ai^  -disadyantaggd~ey  ;hy 

ahtieeptip’may  bo  sunned  up  a«  follows!  _ - 


Advantages 

Dlsadvantagee 

not  unduly  epeoiflo  ^ 

. slow^n  aptlpn  - _ 

low  tlsaue  toxiolty 

relatively  unstable  in 

non-allergenlo 

etorage 

Innocuous  products  of 

high,  surface  tension 

decomposition 
non-staining 
soluble  In  tlsaue  fluids 
exerts  oleanslng  aotion 
relatively  inexpensive 
relatively  p,ainlesB 

inaotivated  by  tisauee 

The  disadvantages  nentioned  are  overoome  to  a large 
degree  by  replacing  water  with  anhydrous  glycerol  as  the  solvent. 
Such  a preparation,  to  which  hydrogen  peroxide  la  added  ae  urea 
hydroperoxidate  and  containing  oxlne  as  a stabilizer,  hae  been 
developed  by  Brown,  (Jorln  and  Abramson  (113).  The  vlsoous 
glycerol  vehicle  prolongs  the  action  of  the  hydrogen  peroxide 
by  preventing  evaporation,  clinging  tn  the  point  of  application, 
and  providing  a reservoir  of  peroxide  which  continually  diffuses 


to  the  surface  to  be  treated  rather  than  being  quickly  deoom- 
poeed  by  surrounding  tissues.  The  hygroscopic  glycerol  also 
aids  by  drawing  tissue  fluid  to  the  site  of  action.  Brown  j^ll^) 
has  found  a high  degree  of  tissue  tolerance  and  lack  of  sensi- 
tivity to  this  preparation.  Studies  (II5)  of  this  and  other 
hydrogen  peroxide  antiseptic  preparations  indicate  that  aooept- 
able  stability  can  be  maintained  for  long  periods. 

The  ultimate  mechanlam  whereby  hydrogen  peroxide  exer^ 
antiseptic  or  disinfectant  action  is  not  understood.  It  is 
known  (116)  that  hydrogen  peroxide  is  a normal  metabolite  of 
baotei^al  growth;  thus  increase  of  Jiydrpgen  peroxide  oonoentration 
in  the  bacterial  growth  medium  acts  aa  ^ inhibitory  concentration 
of_waste,  retarding  or  stopping  growth'.  Similarly,  the  release  of 
_^xygen_may--i*^^l-t--t  growth  of-an  aiMi;»rob#r-^-The--ey.nergatig"^ 

pMf alread^'S^^  aiao  pj^r  a , . 

In  ,th«  aotlon  r 0 the  other  ^hd,, 
standee  inhibit  aot“ib"h  of  hydrogen  pez‘63tide  a.a  by  the  deoompoal-  - 
tion  with  catalaae  (lid)  or  the  protection  afforded  by  pjyruvata 
(119) • The  addition  of  nertain  salts  to  hydrogen  peroxide,  » 
those  of  iron,  copper,  ohromiua  (promoted  with  manganese  or 
cobalt],  and  molybdenum,  hae  been  shown  (120)  to  inorease  thie 
disinfectant  power  markedly,  suggeetlng  that  the  formation  of 
free  radicals  may  play  a part.  This  Is  slnilllar  to  the  power 
of  hydrogen  peroxide,  alone  and  in  Fenton 'Sj reagent,  to  produce 
mutations  (121)  In  bacteria  as  does  radiation. 

Hydrogen  peroxide  has  also  been  proposed  as  an  inter- 
mediate in  antiseptio  and  detoxification  aeohanlsna  of  medloal 
interest.  The  action  of  sulfanilamide  haa  lb  part  been  ascribed 
(122)  to  the  depression  or  neutralisation  of  oatalase  activity 
whloh  allows  hydrogen  peroxide  derived  from  bacterial  setabolism 
to  inorease  to  an  inhibitory  oon>  sntration.  Saliva  hae  been 
shown  to  have  some  antiseptic  action  and  it  has  '.-een  stated  (123) 
that  this  is  due  to  the  presence  of  hydrogen  peroxide.  The  action 
of  phenols  on  bacteria  has  been  8‘^own  (124)  to  be  heightened  by 
the  presence  of  peroxldaoe  and  hydrogen  peroxide,  although  it  is 
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! not  certain  that  this  effect  Is  of  any  significance  in  the  action 

i of  unpromoted  phenol,.  Hydrogen  peroxide  has  also  been  assigned 

(125)  an  intermediate  role  in  the  detoxification  action  of 
ascorbic  acid  on  cyclic  compounds.  The  formation  of  hydrogen 
peroxide  by  bacteria  and  by  enzyme  processes  is  discussed  in 
Chapter  2. 

References  may  be  given  to  recent  descriptions  of  the 
use  of  hydrogen  peroxide  in  the  treatment  of  speolflo  diseases 
or  afflictions.  Good  results  Viave  been  obtained  in  treating 

ohrohio  ear  inf  eotlona  (126) , a number  of  InflMmajtory,  or  bjic-  

-tertal- and  fungus  Inf eotlons  of  the  eklh  and  mucous  membranes  (127)  , 

I cyanide  pdisbnlng  J[128rr  chronic  empyema  and  lung  infections  (129) » 
ireduetloh  dr  prevention  of  shin  lesions  oaused-by  friction  of  rough 
q:  --|:pape?Hl-3Q-):f  -ith0ir8o^al  surges  -small  burns-andr-LewlM-te 

, , 7^\y*ps  (1^7  Several  apj^l-iafttlons  to  veterinary’^eSlolno  have_  . 

" . — r -^ibeen  desoMbed  by  ^mereon  (I33) ; use  as  a vepM-Tufe  dr 

” ' talntio  (I34)  and”in  the  ti^tinent  for  warble  flieB"  Tl35r  is~aleo 

Buocessful^_  _The  use  in  treating  gas  gangrene  (I36),  influenzal 
pneumonia  j(“137)  and  stomaohruloers  (I38)  may  be  said  to  becoon- ~ 
troverelal  or  unsuooessful,  and  treat!0,8nt  of  hypoxia,  oarbon 
, monoxide  poisoning,  hemorrhage  and  shook  with  hydrogen  peroxide 

has  been  found  of  no  value  in  animal  experiments  (139). 

3eed  Treatments 

A substantial  number  of  reports  have  been  published 

of  the  use  of  hydrogen  peroxide  or  peroxy  compounds  for  treating 

seeds.  The  most  common  purpose  is  to  diainfeot  the  seeds  and 

improve  the  gerralnatlon.  It  is  relatively  easy  to  determlr.e  the 

eff eotlvenese  of  a dlslnfeotlng  treatment,  but  it  is  fax*  from 

clear  whether  the  improved  germination  obtained  in  some  oases 

n 

• is  due  to  immobilization  of  microorganisms  which  would  otherwise 

! 

I interfere  with  germination,  or  rather  to  the  specific  effect  on 

j the  germination  power  of  the  seed.  Too  severe  disinfection 

treatments  may  strongly  reduce  germination.  The  sterilizing 
effect  of  hydrogen  peroxide  varies  with  the  character  of  the 
seed  coat  nnd  x,he  type  of  microorganism.  Kisser  and  Portheim  (140) 
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found  that  flower,  legume  and  cereal  seeds  could  be  partly  or 
completely  sterilized  with  little  Impairment  of  germination,  by 
use  of  solutions  of  hydrogen  peroxide  of  I5  or  30  wt.  %. 

Rough  seeds,  those  covered  by  glumes  (husks),  and 
those  occurring  In  balls  were  more  difficult  or  Impossible  to 
sterilize.  Those  treatments  which  favored  penetration  of  the 
peroxide  solution  Into  the  seed  decreased  gemination.  , Plchler 
(141)  reported  that  treatment  of  wheat  and  barley  with  hydrogen 
peroxide  solutions  of  up  to  3 'ft.  failed  to  control  whsat  bunt 
i(Tllletla  oarlea)  or  oovelred  smut^of  barley  (-Uatlllago  hordel) 
and  treatment  of  bats  With  solutions  of  4 - 5 'ft<  failed  to 
control  the  loose  smut  of  oats  (U.  Avenae) . Olgyay  (142)  found  ~ 
that  solutions  of  about  , 20j6  hydrogen  peroxide  were  required  to 
_j,dlalnfedtLgraln,^nfej^^  smut 4 ln.-5. minutes  oontaat  time)V  . 

bur  IgerfflM'dtlw  WM  Blightly  decreaBod.  - ^ 

■ Thepq  are"  several  rbports-ln  the,  llteratureT^liyaro- 
gen  peroxide  treatments  being  only  slightly  or  noT  at  all  effective 
in  ovoroomlhg  seed  infections,  buVln  eao):^oaie  it_^pe|ir|J;^t^^^^^^^^ 
too  low  peroxide  concentrations  were  uqed  (l.j,._,  5 wt*_$  or  less)^ 
There  are  alsoj  some  indloatlone  that  peroxyaoetlo  aoll  may^be^an 
effective  agent  for  seed  treatments. 

Soaking  seeds  In  dilute  peroxide  solutions  (e..£. , 0,01 
to  1.5  wt.  %)  for  periods  of  1 day  or  so  or  until  germination 
begins » improves  the  percentage  germination  and  the  rapidity  or 
intensity  of  germination  of  a number  of  seeds.  Improved  effects 
have  been  reported  forwheat  (143) i flower  and  legume  seeds  (144) 
and  tomato  seeds  (143).  There  have  been  a number  of  studies  on 
barley  which  show  improved  germination  oharaot eristic a,  this  be- 
ing of  partloulsr  Interest  to  breweries.  Typical  hydrogen  per- 
oxide concentrations  are  0,01  - 0.5J<  In  the  steep  liquor  and 
optimum  temperature  of  ,20°C  (146) . The  fact  that  water  Is  the 
only  residue  of  the  treatment  makes  It  of  particular  Interest 
here.  Wo at  of  the  work  done  before  1939  on  use  of  hydrogen  per- 
oxide in  treating  barley  for  malting  purpotos  has  been  summarized 
by  Raux  (147),  A more  recent  study  by  Bawden  (148)  indicated 
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that  Binall  conoentratlono  of  hydrogeii  peroxide  In  the  steep 
■were  much  more  effective  in  stimulating  germination  than  were 
planl-hormones . The  use  of  peroxygen  chemloals  In  seed  treat- 
ments has  been  dlsousaed  In  a recent  Industrial  bulletin  which 
Includes  17  literature  references  on  the  subject  (149). 

The  application  of  hydrogen  peroxide  or  certain  other 
oxidizing  agents  to  the  soil  la  reported  to  improve  the  yields 
of  corn  and  soybeans  (I50)  or  the  growth  of  seedlings  {151). 

The  reason  for  the,,  effect  Is  uncertain.  It  has  been  suggested  ‘ 
(151)  that  the  oxidizing  agent  hastens  dooomposltlon  of  the" 
organlo  material  in  the  soil;  altet'nately  It  may  dlrsotly 
af-feot  the  seed  as  Indicated  above ^ "Another  possibility  is  that 
reaetJ.on  of  hydrogen  peroxide  with  Inorganic  soil  components  may 
leave*^  them  In-more  readily  -assimilable— fprm^^-  Meohanioal-  aotdoni—^ 
due  tp  the  oxygen  evoiu’tlon  on  decomposition,  iiay  aisb^ailro^  ~ 
the  soil,,  leaving  it_ more  porous.  This  aotlon  beocmea^Ttora  pro- 
nounced as  the  dondentTratidn  of  hydrogen  .peroxide  Is  raised; 
when  90^8  hydrogen  peroxide  Is  poured  on_earth  the  _d^oomppslt Ion 
is  quite  ylgoroufl  and  after  decomposition  leaves  the  surface 
layer  of  the  soil  powdery  and  increased  In  apparent  volume  and, 
even  with  wet  soil,  dry  as  a result  of  the  heat  evolved. 

Preparation  and  Preservation  of  Food  and  Drink 

It  has  been  attempted  or  proposed  to  use  hydrogen  per- 
oxide In  the  preparation  or  preeervation  of  a number  of  foodetuffe 
and  potables,  blthuugh  only  a few  oi  these  uses  have  received 
oommon  acceptance.  Procedures  have  been  described  for  the  preser- 
vation, by  the  addition  of  small  proportions  of  hydrogen  peroxide, 
of  mllh  and  other  dairy  products  (dlsouesed  below),  fish  (152) 
(through  inoorporation  of  hydrogen  peroxide  In  ice  used  for  pack- 
ing), canned  bouillon  (153),  eggs  (154),  sake,  vinegar,  ketchup, 
ooffee  eyrup,  bean  curd,  vermicelli  (I55),  cooca  syrup  (I56), 
lecithin,  gelatin,  pickles  and  starch. 

The  purification  of  water  by  treatment  with  hydrogen 
peroxide  has  been  considered  (I57).  This  subject  ie  reviewed 
by  Relabel  {I58).  wl-'o  concluded  on  the  basis  of  ),l8  own  experl- 
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ments  that  effective  disinfection  of  water  requires  addition  of 
proportions  of  hydrogen  peroxide  as  large  as  5 wt.  % \.t  disinfection 
Is  to  be  complete  within  a_pract_loal.  tlme_.perlpA..__.A't._'yll8_oq^n- 
oentratlon  the  taste  of  the  residual  hydrogen  peroxide  is  evident 
and  It  must  be  destroyed  by  the  addition  of  a non-objeotlonable 
catalyst.  If  longer  periods  of  time  for  treatment  are  feasible,  - 
the  disinfection  of  water  may  be  accomplished  with  leas  hydrogen 
peroxide,  e.£, , 0.5^  suffices  in  a 24-^hour  period.  “Hydrogen 
peroxide  may  also  be  used  to  destroy  the  taste  of  chlorine  In 
water  treated  by  conventional  jnethods.  Sterilization  of^oon"  - 
talners,  pipes,  "fllterSp  etc.,  used' In  the  food  industry  is  _ 
often  aocompllshed  with  hydrogen  peroxldeT  _ . .. 

_ ^ . The  bactericidal  and  fungicidal  action  of  hydrogen -per- F- 

moldy-  grain..  (l|9l , and  a almllar  pro  oediure  ” la  - appli  ed,  in  the, 
process  of  prjxeh_tlng  :th^ diterlbratioh  of  f re khly  plbked  t rul - 
and  vegetables  (160)  (a  parallel,  or  perhaps' identloul  in  baslo 
mechanism,' -prooedure  for  the -spraying  of  tomatoes  with  perqxy~  -“-  .^^^ 
acetic  acid  has  been  extensively  developed  (161)),-  llfideslred 
fermentatlpn^of  grape  must  in  storage  is  halied  by  the  addition 
of  hydrogen  peroxide  (162). 
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Other  proposals  for  the  treatment  of  foods  with  hy- 
drogen peroxide,  although  net  concerned  with  presorvatlve  action, 
are  the  uses  as  the  rising  agent  in  baking,  described  previously, 
in  a process  for  the  improvement  of  wine  ana  Oognan  (163)  (matur- 
ing la  hastened,  presumably  through  the  conversion  of  fusel  oil 
to  aldehydes  by  renotion  with  hydrogen  peroxide) , in  the  recovery 
of  culture  media  (16^),  in  the  removal  of  bitter  principles  from 
yeast  (I63),  to  stabilize  lecithin  (166),  in  a process  for  the 
enhancement  of  the  flavor  of  edible  oils  (167),  in  the  modifica- 
tion of  edible  starches  and  gums  (166),  in  the  improvement  of 
the  taste  of  coffee  extracts  (169),  to  bleach  monosodium  gluta- 
mate, in  bleaching  trlpo,  gelatin  and  egg  yolk,  and  in  the 
bleaching  of  nuts  and  dried  fruits  to  improve  their  appearance, 
Iwirge  quantities  of  hydrogen  peroxide  are  used  indirectly  in  the 
food  Industry  through  the  widespread  use  of  benzoyl  peroxide  for 
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the  bleaching  of  flour.  Flour  bleaching  (oxidation  of  xantho- 
phyll)  with  benzoyl  peroxide  la  rapid  and  uniform,  but  there  la 
no  concurrent  maturing  effect,  , improvement  of  baking 
quality,  

Where  the  proposed  action  of  hydrogen  peroxide  is  that 
of  a_ preservative,  two  meohanlamB  of  action  may  be  distinguished! 
the  destruction  of  enzymes  which  are  responsible  for  deteriorat- 
ing changes  in  oompcsitlon,  and  the  eilmlnatlon  or  inhibition  of 
the  growth  of  pathogenic  or  deteriorating  organisms.  It  is 

generally,  intended  that"  the“dosage  be  so  regulated  that  the 

mutual  destruction  of  the  added  hydrogen  peroxide"  and  the  par- 
ticular su^b  strata  In  question  aot  to  “eliminate  both,  leaving  no 
residual  hydrogen  peroxide.  Since  the  sensitivity,  composition, 
'arid  hist or^^^  treatiaer^  may  vary  so  widely,  even 

or  '^if  f ’i5ampleS''''0'f“ ' th®'’  S'8BS^"f  bod” 

allleratitjn change  in  nutrient  "val¥e7“Tbr~^ 
corisequences  to^be  expected  In  any  given  case- from-.treatment 
^ith" hydrogen  peroxide.  The  evaluation  is  furthw  domplldated^:3^^^ 
by  the  fact  that  the  formation  of  hydrogen  i>erbxlde  through 
autoxidatlon  reactions  in  food  has  been  put  forward  as  a'  cause 
ot,  deterioration.  It  is  clear  that  the  use  of  hydrogen  peroxide, 
or  any  preservative  for  that  matter,  cannot  be  oonaoned  as  a sub- 
stitute for  sanitary  handling  or  adequate  processing  of  food,  as 
in  the  proposed  use  for  the  upgrading  of  epoiled  meat.  At  the 
other  extreme,  however,  It  Is  not  olear  whether  the  employment 
of  hydrogen  peroxide  as  a preservative  offers  a desirable  and 
economical  procedure  for  the  food  and  beverage  industry.  The 
proposed  use  of  hydrogen  peroxide  as  a preservative  for  milk  has 
received  the  most  widespread  oonaideration.  The  following,  more 
detailed,  desoription  of  this  potentially  useful  and  seriously 
advocated  use  of  hydrogen  peroxide  may  eerve  as  u typical  exaunple 
of  the  problems  to  be  met  in  the  treatment  of  food  or  drink. 

The  early  history  of  the  investigation  of  hydrogen  per- 
oxide as  a preservative  for  milk  has  oeen  reviewed  by  Amberg  (170) 
and  by  Anselml  (171):  the  procedure  was  first  suggested  by  Baldy 


in  1881,  and  was  used  In  France  and  Germany  {172)  during  the  war 
of  191^S  but  later  banned.  Preser\ratlon  of  milk  in  any  other 
fashion  than  by  pasteurization  and  refrigeration  Is  now  pro- 
hibited In  many  places,  but  the  use  of  hydrogen  peroxide  for 
this  purpose  was  revived  In  Italy  during,  the  war  of  1939 » ahd 
much  of  the  recent  research  in  this  field  has  been  that  of  . 
Italian  workers.  . \ - 


The  work  Of  Ohlok{ 173)  (1901)  has  been  widely  quoted 

— ^ahd  taken  as  a point  of  departure’ In  much  subsequent  work Chick 
^ stated  that  milk  could  be  sterilized  completely  by  the  addition 


of  two  parts  of  hydrogen  peroxide*  expressed  on  a 100^  basis,  per 
"thousand  parts  of  milk.  Upon  addition  of  this  proportion  of  hy- 
drogen peroxide  Jihere  was  aii_^inltlal__deepmpcis.ltlon  aft^r  w^hlcjlh- 

hydrogen  pjtjEbXldq^^T^^  od  ronstantr 
.long  ,t oialmed  to  be  ab\e  Jtq  detect  the  ^tera- 
-t®  ~tS:;;^t|fBte_qf  the:  part.^-qf:^^^ 

“drogen  peroxide  Th  ^0,000,  ahe^dlTd^not  Taoilifie  ths-propedn  to 
bq._a  praotloal  phs‘  a treatmeht  suff  IclehT^f^^  sterlllaatl^^^ 


would  make  the  milk  unpal^able. 


Rosam  (17^t)  found  two  parts  per  thousand  Inadequate 
and  suggested  combining  a heat  treatment  with  hydrogen  peroxide 
addition.  This  procedure  was  elaborated  upon  by  Budde  (175) 
developed  In  Denmark  a oommercial  process  for  the  addition  of 
0.9  g/1  of  hydrogen  peroxide,  expressed  on  a 100^  basis,  followed 
by  heating  at  50^0  for  several  hours;  if  hydrogen  peroxide  then 
remained  In  the  milk  It  was  destroyed  by  the  addition  of  yeast, 
later  workers  disputed  the  quantity  of  hydrogen  peroxide  necessary 
various  proportions  up  to  1%  being  recommended.  It  waa  pointed 
out  that  the  effectiveness  varied  with  different  samples,  that 
the  temperature  of  treatment  and  storage,  the  pH,  and  the  type 
of  mloroorganisms  present  in  the  milk  all  exerted  an  influence 
on  the  quantity  necessary  to  atsrllly.e  the  milk  and  to  affed 
the  taste.  It  was  recognized  that  as  long  as  hydrogen  peroxide 
was  present  coagiilatlon  would  not  occur,  but  opinion  was  divided 


on  the  question  of  whether  the  presence  of  sufficient  hydrogen 
peroxide  to  suppress  souring  was  likewise  sufficient  t.o  kill 
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pathogenlo  organisms.  Several  accounts  cf  prolonged  feeding  of 
hydrogen  peroxide-treated  mlUc  were  given,  all  with  no  untoward 
physlologloal  effeota. 

More  recent  Inveatlgatlone  have  Improved  the  under- 
atandlnj^  of  the  effects  of  the  addition  of  hydrogen  peroxide 
to  milk,  ^rthermore,  the  general  availability  of  eleotror 
lytlcally-produoed  30jJ  hydrogen  peroxide  has  eliminated  the 
earlier  objeotlona  to  "watering"  of  the  mi Ut  and  introduction 
of.  undesirable  metalllo  lopurltleB  by  _the  use  of  3)8  hydrogen 
pero-jclde  from  the  barium  peroxide  prooesa-r-  — 

There  la  now  general  agreement  that  hydrogen  peroxide 
added  to  raw  milk  Immediately  after  milking,  In  the  proportion 
of  about  iOii^  by  weight  (100j8  baaia)  , will  roduoe  tha  oontentii 

an  f-ffooept^ljr  and  wilt-' 

-praveh  t apuplng.  idurl  ng  a tor  age  at  room  temperatura  for  .aevera|^^ 
daye*  ooholualon  ler  eupportad  by  tht  ^ork  of  Mor1oiSl:1[175^^’ " — 

(alfto  reported  by  Dahlen  and  Oroaeley  (1??)).  If  the  tolUt  la  - 
kept,  at.  a lowjr  temperature,  a smaller  proportion  of  hydrogen  — 
peroxide  euffloee  to  preserve  it,  as  shown  by  Satta,  Mofandi 
and  Hoggl  (178)  ,-or  oonveraely,  If  the  proportion  of  hydipogon 
peroxide  la  not  reduoed,  the  milk  will  keep  longer,  !•£•,  32  - 40 
days  at  5°C  aooordlng  to  Romani  (179) • By  oombining  paateuriaa- 
tlon  with  hydrogen  peroxide  treatment,  amaller  proportions  of 
hydrogen  peroxide  are  alao  effeotlve  in  poatponlng  souring; 

Sanders  and  Sager  (180)  found  0.1)8  by  weight  aufflolent  to  prevent 
the  ourdling  of  pasteuriaed  milk  containing  2.5)8  raw  milk  for  10 
to  21  daya  in  testing  the  use  of  hydrogen  peroxide  to  preserve 
milk  samples  before  analyele. 

The  diminution  of  the  baoterial  oount  in  milk  brought 
about  by  the  addition  of  0.1)8  hydrogen  peroxide  was  found  to  be 
about  95)8  by  Morandl  (176).  Peragallo  (quoted  in  reference  177), 
studying  milk  artlflolally  contaminated  with  b.  poll,  b.  tvphioua. 
brucella  raelitenaie.  bruoella  abortue.  and  cattle  tubercle  baoillus 
found  the  action  of  0.1)8  hydrogen  peroxide  added  imaiediately  after 
milking  to  be  bactericidal  to  all  but  tubercle  haollluss  In  maaaure- 


merits  over  perlodo  of  12  to  48  houi's.  If  some  time  elapsed  after 


milking,  before  the  additions  of  hydrogen  peroxide,  its  action 
was  only  bacteriostatic,  allowing  significant  regeneration  within 
the  time  periods  studied.  I'hese  findings  are  substantiated  by  - 
Helnemann  (181),  Rosatl  (182),  Qentlli  and  Romagnoll  (183)  and 
Monaoi  (184). 


The  effects  of  the  addition  of  hydrogen  peroxide  upon 
the  physical  and  chemical  properties  and  enzyme  and  vitamin 
content  of  milk  ^re  shown vin  Table  5.  Studies  of  the  rate  \of  ' 
l,npreaBe  of  acidity  after  addition  of  varying  amounts  of :_hydro- 


gen peroxide  and  under  different  oonditione  of  storage  iisudd  - 
eontamination  have  also  .been,  made  by  Anselm:^  (171)  and  Oaserib  r 
(quoted  in  reference  177);  these  bear  out  the. earlier  aaeertioh 
that  the  milk  does  not  sour~appreoiably  during  the  period  over.v 


-whieh^the  mllkr-  is-preeerved  by  the  presence  of  “hy<i»ogefi  perbxide»~ 
Anselmi.  Ci?A)  .jP^iaenti  q,ua-niaiiirf  obser^^  i-noriiMni^ 

-tendttioy  to  froth  and  form  a-film  of  aggdoherated  natirlhi  oh ' 


the  walla  of  containers. 


The  effeot  .of  hydrogen  peroxide  on  the  organoleptlo 
properties  of  milk  is  pronounced  but- not  lasting.  Nearly  all 
who  have  worked  on  this  subject  agree  that  both  smell  and  taetd  '! 
are  too  seriously  impaired  when  effective  ooneentratione  of  i. : 
hydrogen  peroxide  are  used,  if  the  residual  hydrogen  peroxide  ii^i 
not  decomposed  before  ooneumption  of  the  milk.  It  is  for  this  j; 
reason  that  the  various  proposals  for  the  use  of  hydrogen  peroxl,de 
have  inoluded  a heat  treatment,  catalyst  addition,  or  a holding 
period,  or  have  recommended  that  its  use  be  confined  to  preeervai- 
tion  during  the  time  between  milking  and  pasteurization.  This 
may  not  be  a disadvantage,  however,  since  several  recent  patents 
(192)  atrese  the  fact  that  complete  sterilization  is  poaeible 
with  hydrogen  peroxide  treatment  followed  by  heating,  whereas 
in  order  to  sterilize  by  paeteurization  alone,  milk  must  be 
heated  to  such  high  temperatures  or  for  such  prolonged  periods 
that  the  taete  and  phyeioal  properties  are  affected  adversely. 


Two  effects  of  hydrogen  peroxide  upon  the  taete  of 
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milk  can  be  dlatlngulshed.  The  flrat  is  eloply  that  of  impart- 
ing, at  aufflciont  concentration,  a taste  oharaotorletlo  of  hy- 
drogen peroxide,  which  haa  been  described  as  "metallic.*  The 
second  effect  Is  more  obmpllcatedj  hydrogen  peroxide  enters 
Into  and  alters  the  course  of  the  reactions  which  may  normally 
bring  about  a change  In  the  flavor  of  milk.  On  storage,  untreated 
milk  may  gradually  develop  an  oxidized  or  "tallowy"  flavor,  stated 
by  Krxikovsky  and  Outhrle  (193)  to  be  duo  to  the  oxidation  of  un- 
saturated  fatty  aoldSj  prlmarlly^'olelo  acid,  In  the  lipid  fraction 

of  milk.  The  phospholiplo  present  in  the  membrwe  of  the  fat 

globules  Is  thought  to  be  moat  susceptible  to-oxid,atlorr  (19^) , 
although  Pont  (195) ' doubts  that  the  phospholipid  Is  the  source 
of  the  flavor.  _ j 

(188)  foimd- that  the  effect  of  the  addition ; 

oF'^arogenlper^  ditltopiieHr  bf"  oildT«d~t3^  — “ 

Faried  to  inhlMtlon  as  of  t^Arogen 

peroxide  was  varied  from  0,001  to  0.016  wt.  Jt  and  believed  that  ^ ^ 
the  change  in.  oxldation-reduotion  poten^al  jicoounted  for  the 
inhibiting  effect.  Krukovsky  and  duthrle  (193)  placed  the  limit  ~ 
of  the  inhibiting  effect  lowe,f>~ at  somewhat  less  than 0.001  wt.  % 
and  observed  the  development  of  the  oxidized  flavor  after  varying 
times  in  milk  containing  less  than  this  proportion  of  hydrogen 
peroxide.  This  action  Is  explained  by  Krukovsky  and  Quthrle 
to  be  due  to  the  oxidation  of  ascorbic  acid  to  dehydroaseorbio 

I 

aold.  They  believe  the  lipid  oxidation  to  be  a coupled  reaction 
dependent  upon  a certain  equilibrium  between  ascorbic  aold  and 
dehydroaseorbio  aold  and  possibly  oatalytioally  initiated. 

The  rate  of  oxidation  of  aeoorbio  acid  by  hydrogen 
peroxide  Is  Inversely  proportional  to  the  hydrogen  peroxide 
concentration,  due  to  inactivation  of  the  enzyme  (believed  by 
Krukovsky  (196)  to  be  peroxidase)  catalyzing  the  oxidation.  Thus 
at  low  concentrations  of  hydrogen  peroxide,  oxidation  of  ascorbic 
aold  Is  rapid  enough  to  set  up  a favorable  ratio  of  ascorbic  acid 
and  dehydroaseorbio  aold  for  tht  lipid  oxidation.  At  higher  con 
centratlone  of  hydrogen  peroxide  the  rate  of  ascorbic  acid  oxida 
tlon  Is  slower  than  the  subsequent  destruction  of  the  labile  and 
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sensitive  dehyd)i*o«BCOrblo  acid,  and  a ratio  of  these  favorabls 
to  lipid  oxidation  is  not  achieved  before  the  complete  oxidation 
- of  tho-ascorblo  aoldj  thus  Inhibiting  development  of  the  oxidized 
flavor.  - 

Other  factors  enter  into  this  oomplloated  proceeB,  which 
is  reviewed  by  Ghllson,  Martin  and  Parrish  (197)  and  by  Greenbank 
(193).  As  a praotical  procedure  for  the  deferment  of  oxidized  . 
flavor  in  frozen  milk,  Bell  and  Mucha  (191)  found  addition  of 

hydrogen  peroxide  to  be  effective  but  les8_sat^f aotory  tlmn  

f o^rtlfloatjlon  of  the  milk  with  afloorblo  acid,  whioh.lh  Increased 
proportion  is  preferentially  oxidized,  prolonging  the  time  before 
_ lipid -oxidation.  ' J;  1 .f  - . 

^..jl__-;.^_In-  .c_Qnalusi..on , it  appaara. Jihat  J;he--Uae^f..^hydrogen_ 

■perTJX'lirlra^'H"prtBeinrat3;v^fi^^  — 

recomiowd  it- as  a replacement  for  paeteurizatidn.  Hydrogan  pei^ 
oxlur^tfeataenti^B  apparently  haraleee  from  a physlplogl6al“ 
standpoint  and  does  not  seriouely,  alter  the  nutrient  value  of 
milk,  but  since  the  treatment  aeems  not  amenable  to  olose  atand- 
ftrdization~and  is  powerful  enough  to  oonoeal  unsanitary  handling 
it  would  be  neoeosary  to  carry  it  out  under  competent  teohnioal 
supervision.  As  an  emergency  measure,  in  backward  areas,  or  in 
military  operatlone,  preservation  of  ml, Ik  with  hydrogen  peroxide 
tpay  merit  use;  even  in  these  oases  it  would  ssem  preferable  to 

pomblne  the  treatment  with  a heat  treatment  of  some  kina. 

I 

USE  IN  CHEMICAL  SYHTHEBIB 

Hydrogen  peroxide  finds  considerable  applloation  as 
the  starting  material  for  the  preparation  of  most  peroxy  com- 
pounds and  as  an  oxidant  in  organic  synthteis. 

The  inorganic  peroxy  oompounde  are  considered  in  Chap- 
ter 12  in  which  the  methods  of  preparation  are  aleo  indicated. 

The  only  compounds  of  this  group  which  are  not  produced  industrially 
via  hydrogen  peroxide  are  eodium  peroxide,  which  is  manufactured  by 
burning  sodium  in  air;  barium  peroxide,  which  le  produced  by  per- 
ox  .dation  of  barium  oxide  In  air,  and  potasaium  and  other  peroxy- 


disulfates,  which  are  manufactured  directly  from  ammonium  peroxy- 
dlsulfates  or  peroxydlsulfurlc  acid  formed  as  an  Intermediate 
In  the  electrolytic  methods  for  manufacture  of  hydrogen  peroxide. 
Sodium  perborate  may  alBo“‘be  produced  el6otrolytloaliy  from  “ 
borax,  but  it  Is  more  commonly  manufactured  from  a mixture  of 
borax  plus  hydrogen  peroxide  and/or  sodium  peroxide. 

_ Organic  hydroperoxides  may  be  produced  directly  by 
oxidation  of  hydrocarbons  or  other  organic  compounds  with  air, 
but  a variety  of  by-products  may  be  formed  and  industrial 
— practice  therefore  usually  favors  the  synthesis  via  hydrogen  — 
peroxldi  or  another  peroxy  compound.  _ 

The  various  types  of  organic  reactions  involving 
hydrogen^  peroxide  (or  a perojcyaol’d)  are  deaoribed  in  Chapter  7. 
“““In  adeution  t format  ion;,  of  of|fn.rd:^^ 

actions  Include  (1)  reaction  with  an  unaaturated  ,b^d  to  form 
an  <i_p_b_xy  derivative  or  a glydPl  ^ varl-' 

ous  oxidation  reactions  euoh  as  oxidation  of  a subatltuted 
naphthalene  to  the  corresponding  qulnone  and  0)-rlng  splitting  - 
rsaotions  suoh  as  conversion  of  phenol  to  muoonio  acid.  Short 
reviews  of  some  applications  of  hydrogen  peroxide  to  organic 
synthesis  are  given  by  Johnson  (199)  and  rrlees  (?00). 

A discus^<lon  of  the  Industrial  applications  of  organic 
peroxy  oompounds  and  of  organic  prooesaes  using  peroxy  compounds 
other  than  hydrogen  peroxide  Is  beyond  the  scope  of  this  book. 
Some  epoxy  compounds  cure  used  directly,  suoh  as  dleldrin,  a 
recently  developed  Inaeotloide.  Other  epoxj/  compounds  are  used 
for  production  of  resins  and  surface  active  materiaXs  or  as  inter 
mediates  In  organic  syntheels.  For  example,  in  the  eynthesis  of 
oortieone  the  17-hydroxy  group  may  be  introduced  by  forming  an 
epoxy  intermediate  followed  by  reduction  to  the  hydroxy  group. 
ExamplfiR  of  applloatlone  of  organic  hydroperoxides  are  their 
use  as  polymerization  initiators  and  as  Diesel  fuel  additives 
to  increase  the  cetane  number. 
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CHAPTER  TWELVE 

IN0R6ANIC  PEROXY  COMPOUNDS 

ciassifioation  of  peroxy  compounds 

A large  number  of  Inorganlo  derlvatlvea  of  hydrogen 
peroxide  are  known,  including  the  peroxides  of  metala  and  non- 
metals,  peroxy  aolda  and  peroxy  salts,  all  of  which  contain 
oxygen  in  a so-called  active  or  easily  available  form.  The 
peroxides  and  peroxy  aolda  may  be  visualized  as  derived  from 
a parent  oompound,  HgOg,  by  replacement  of  one  or  both  of  the 
hydrogen  atoinerby  arelTal  atoms  or  by  aolti-radicalSi-  Thus,  re- 
placement of  the  flrat  hydrogen  by  a sodium  atom  yields  Na-O-b-H 
(sodium  hydroperoxide,  a substance  which  is thermally  yather  un- 
stable); and  .replacement  of  both  hydroEsna  ylelde  Ha-O-Q-Na,  or 
the  oommon  peroxide  of  sodium.  Likewise,  the  substitution  of 
one  or  both  hydrogens  by  the  sulfonio  aold  radical,  -SO^H,  yields 
peroxynonoeulfurio  aold,  R80^-0-0H,  and  peroxydleulfurlo  aoid, 
HSO^-O-O-SO^H. 

It  Is  to  be  recalled  that  true  peroxides  must  contain 
the  -0-0-  linkage  to  establish  their  relationship  to  hydrogen 
peroxide,  and  that  various  oxides  have  been  called  peroxides 
which  are  not  in  a strict  sense  peroxides  at  all,  lacking  the 
bridged  oxygen  etruoturo.  Thus,  silver  forms  the  common  oxide, 
AggO)  a black  oompound,  AgO,  whloh  many  uider  reference 

books  list  bo  "silver  peroxide,"  frequently  doubling  the  formula, 
SB  Ag2^2>  order  to  imply  a oloeer  relationship  to  hydrogen 
peroxide.  However,  this  compound  has  been  ehuwn  to  contain 
divalent  silver  and  la  not  directly  derived  from  hydrogen  perox- 
ide, iioi-  doeiB  it  yield  hydrogen  peroxide  when  treated  with  an 
acid.  Lead  dioxide  and  manganese  dioxide  also  may  be  found  In- 
correctly referred  lu  hb  peroxidoB.  With  dilute  hydrochloric 
acid  these  compounds  ylold  cMorlne,  rather  than 'hydrogen  per 
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oxide,  which  would  be  expected  xo  be  formed  from  a true  peroxide,* 
The  lead  and  manganese  atoms  axe  both  tctravalent  in  these  com- 
pounds, not  divalent,  ae  would  be  the  caae  if  they  poBsesBed 
the  peroxide  structure. 

Therefore,  to  be  properly  olasaed  as  a metal  per- 
oxide, the  substance  concerned  must  be  related  to  hydrogen  per- 
oxide not  only  In  its  composition,  as,  for  example,  a salt  la 
related  to  Its  parent  acid,  but  also  In  Its  structure,  with  the 
-0-0-  grouping  present.  In  the  case  of  metal  peroxides  the  Og 
Ion  l.B  present,  which  has  an  electronic  configuration  such  as 
QpVo,l]|-;  In  contrast,  AgO,  PbOg,  or  MnOg,  all  have  the  simple, 
doubly-oharged fo  ion , , in  their  structures. 

In  addition  to  these  ions  there  , is^  Allo  the~  auperoxide 
ion,  Og,  which  is  found_ln,a  few  ecffipouhiaii^.--l^  electro- 

“-pbsiti^s  NaCgi  elaotronlo  con- 

figuration of  thia^lqn.  i^bep.evi4  to  bs'j^presihted  best  by 

M).  The  paroni^  acid  related  to'  ibeso  oompounds,  HOgi 
has  not  been  Isolated. 

Although,  Btrlotily  apeaklngj  euperoxldes  belong  to  a 
separate  class  of  compounds,  it  Is  useful  to  consider  them  In  a 
discussion  of  peroxides,  because  of  the  similarity  existing  be- 
tween the  modes  of  formation  and  the  reactions  of  the  two  types 
of  compounds.  Further  details  ooncsrnlng  the  diet  motive  oharao- 
terlatloB  of  the  euperoxldes  will  be  given  below. 

Electron  diffraction  meaBuremente  (2)  carried  out  on 
the  vapors  of  hydrogen  peroxide  lead  to  the  oonoluslon  that  In 
the  HgOg  molecule  the  interatomic  distance  of  the  -0-0-  grouping 
la  1.47  ± 0.02  SI,  (eee  also  Chapter  5).  Oorrespondlng  data  for 
crystalline  hydrogen  peroxide  (3)  lead  to  a closely  similar  value. 
The  change  in  the  character  of  the  -0-0-  grouping  on  going  from 
hydrogen  peroxide  to  other  peroxy  compounds  le  ohiefly  in  its 


* This  test  for  the  presence  of  the  -O^-O-  grouping  must  be  used 
with  some  caution;  as,  for  exeunple,  the  reaction  of  oonoentrated 
hydrochloric  acid  with  barium  peroxide  yields  some  chlorine. 
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degree  of  electronegativity,  or  the  degree  to  which  It  may  be 
spoken  of  as  Ionic;  the  -0-0-  bond  Itself  appears  to  remain 
esBentlally  unchanged.  In  raetal  peroxides,  such  as  BaO^  or 
SrOj,,  Or  In  other  peroxy  compounds,  the  -0-0-  distance  found 
Is  apparently  not  appreciably  different  from  that  In  hydrogen 
peroxide  (although  some  earlier  measurements  (4,  5)  led  to  lower 
values).  Heasurements  on  suoh  peroxides  as  barium  peroxide  (6), 
ammonium  and  cesium  peroxydl sulfate  (7),  dimethyl  peroxide  (8), 
and  dibenaoyl  peroxide  (9)  buttress  this  conclusion,. 

In  the  superoxlde  ion,  with  one  three-electron  bond, 

0 

the  -0-0-  distance  becomes  1.29  A (10);  and  In  the  oxygen  mole- 
cule, with  two  three -electron  bonds,  the  -0-0-  distance  is 
0 o 

1.21  A (11).  In  ozone,  the  bond  distance,  1.28  A,  is  much  the 

same  as  that  in  the  superoxida  ion  (12).  These  changes  are  due 
to  the  difr6rences'“tn~  the^-^O^O-^bohdlttgi - ‘ 

Substitution  of  the  hydrogens  of  hydrogen  peroxide  by 
metal  atoms  or  acid  radioale  may  well  lead  to  a oonsiderable 
change  in  the  OOR  angle  and  the  aaimuthal  angle  between  the  -OR 
groups.  In  the  essentially  ionio  metal  peroxldee  these  angles, 
of  oourso,  are  not  oonoerned. 

As  indicated  above,  inasmuch  as  hydrogen  peroxide  has 
two  replaceable  hydrogens,  it  may  function  as  a dibasic  acid, 
and  therefore  may  give  rise  to  an  intermediate  type  of  compound, 
a hydropLroxide,  suoh  as  Na-O-O-H,  in  which  only  one  of  the  hy- 
drogene  has  been  replaced  by  a metal,  as  in  an  "acid  salt.* 

In  addition,  some  evidence  exista  indloatlng  that  the 
heavier  and  bulkier  alkali  metale,  eepeolally  rubidium  and  oeaium, 
may  form  peroxldee  of  the  type  would  lie  between  the 

MgOg  and  HOj  types  of  compounds  (13).  They  nay.  Indeed,  actually 
represent  combinaticne  of  euperoxldes  and  peroxides. 

Formation  of  a peroxide  by  an  element,  with  a conse- 
quent increase  In  the  proportion  of  oxygen  abovo  that  shown  by 
the  normal  oxides  of  the  element,  does  not  imply  an  Increase 
in  the  oxidation  etate  of  the  eli-mi-nt  above  that  allowed  by  its 
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group  position  In  the  periodic  classification.  Thus,  in  the 
peroxide,  TIO^'EH^O,  the  oxidation  number  of  the  titanium  la 
8tlll4-4,  as  It  Is  In  TIO^.  Again,  In  the  case  of  a chromium 
peroxide,  OrO^,  it  has  been  considered  that  In  addition  to  two 
peroxy  groups,  O^,  there  is  also  present  an  ordinary  0“  atom, 
so  that  the  oxidation  number  of  ohromlum  remains  at  Or  , Just 
ae  it  la  in  OrO^.  The  authenticity  of  this  peroxy  oompound 
however,  Is  not  free  from  doubt. 

Tables  1 and  2 list  the  known  peroxides  and  superoxldes 
of  the  elements  according  to  the  group  position  of  the  elements 
In  the  Periodic  Table. 

TABLE  1 


* Compounds  in  parentheses  have  not  as  yet  been  isolated  In  a pure 
state.  The  Table  does  not  Include  the  hydroperoxides,  such  as 
NaOOH,  which,  as  above  Indlated,  represents  a type  of  oompound  In- 
termediate between  HgOg  and  NSgOg.  The  compound  KO^,  reported  by 

Whaley  and  Klelnberg  (14)  as  resulting  from  the  reaction  of  oaone 
with  KOH,  may  possibly  contain  tho  ion  OlT  and  thus  represent  a state 
of  oxidation  above  the  eupornride.  ^ 
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The  outstanding:  Importance  of  the  compounds  of  the 
alJtall  and  alkaline  earth  metals  has  suggested  their  presentation 
separately  In  Table  1.  The  incomplete  chsraot6i'=  of  much  of  our 
knowledge  concerning  the  peroxides  of  other  elements  Is  clearly 
Indicated  in  Table  2.  In  this  latter  Table  the  existence  of 
peroxy  acids  of  various  element^  or  their  salts,  in  Groups  III 
to  VI,  of  which  as  yet  no  peroxides  have  been  Isolated,  is  in- 
dicated by  an  asterisk,  as  In  0*. 

In  connection  with  the  unsatisfactory  nature  of  the 
status  of  numerous  peroxides,  as  is  clearly  evident  from  a 
glance  at  the  tables,  It  is  of  interest  to  note  that  Halaslnsky  (15) 
concluded  that;  with  few  exceptions,  eloments, the  electronega- 
tivities of  whloh  were  not  greater  than  2.1  (the  value  assigned 
to  hydrogen),  are  capable  of  forming  peroxldized  compounds. 
Exertions  inolud^  , such  nitrogen,'  sulfur  - - 

and  mercury.  If  valid,  the  appllp^ion  of  such  a .inile  would 
enable  one  to  distinguish  between  genuine  and  epurlous  peroxy 
ooapounds. 

I 

/ In  the  case  of  a number  of  hydrated  perokyaolds  and 
their  salts  doubt  has  existed  as  to  the  mode  of  linkage  of  the 
peroxide  grouping  in  these  compounds;  whether  a pure  peroxy- 
aoid,  with  oharaoteristio  -0-0-H  linkages,  is  present,  together 
with  hydi'ate  water  molecules,  or  whether  the  structure  Is  that 
of  a normal  oxyaold  with  liydrogen  peroxide  of  hydroperoxidation* 
or,  In  the  solid  state,  "hydrogen  peroxide  of  orystalllzatlon. * 

Thus  sodium  oarbonate  forms  addition  compounds  with  hydrogen 
peroxide,  referred  to  more  fully  below,  one  of  whloh  approximates 
in  composition  the  formula,  aNagOO^OHgOgdS,  16,  17).  This  sub- 
Btanoe  is  a white  powder,  whloh  Is  quite  stable  under  ordinary 
oondltione.  When  protected  from  atmospheric  moisture  It  suffers 
a loss  of  active  oxygen  content  at  room  temperature.  Such  oom- 
pounds  are  not  strictly  spviaking  salts  of  true  peroxyaolds,  such 
as  are  represented  by  the  formulas  of  hydrated  peroxyzlroonlo  or 
peroxytltanlc  acids,  HgZrOi^.HgO  or  HgTlOj^.HgO.  * It  is  apparent 

• The  supposed  peroxyaolds  of  silicon,  germanium  and  thorium  are 
likewlae  in  this  category. 


TABLE  2 

inorganic  peroxides 


Ill 

IV 

V 

a b 

a 

b 

a b 

B* 

0* 

(NO.) 

(HgO^i 

SI* 

P* 

TlO^.ZHgO 

V* 

(Yj^Og.nHgO) 

(La^Og-nHgO)^ 

2rO^*  2HgO 

(Sn03*nH20) 

Ob* 

or  f- 

( LsigOj*  nRgO) 

HfOj'BHgO 

Ta* 

Th0,.2H,0 

- '3  .2 

nil 


(804) 


(010^)2 


(CrO^) 


(r«02);(P«206> 

(OoOg-xHgO) 

(HiOg-xHgO) 


(RegOs) 


(U0^>2) 


2HgO 


« ElementB  fop’n  perox^AOlda,  but  peroxide*  not  Isolated. 

t Of  the  rare  earths,  Ce  gives  Ce0,.2H,0j  Nd,  Pp,  Sn  give 
hydrous  oonpounds  similar  to  thoje  or  La, 

A Also  PuO^^.xHgO. 
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Lhat  the  situation  Is  oompllcated  further  by  the  fact  that  many 
oompounds  containing  aceoelated.  "hydrogen  peroxide  of  crystalli2.a- 
tlon"  may  also  be  hydrated.  In  the  oase  of  LlgOg-HgOg* 3H20> 
formed  from  the  hydroxide  and  aloohollc  hydrogen  peroxide,  vre 
find  a true  metal  peroxide  cryetalllalng  with  three  molecule o of 
hydrate  water  as  well  as  hydrogen  peroxide  of  crystallization. 
Similarly,  the  so-called  "sodium  perborate"  of  commerce  is  com- 
monly represented  as  NaBOg'HgOgOHgO  (18).  Further  details  con- 
cerning Ite  preparation  and  applications  are  given  below.  Such 
addition  oompoundB  of  hydrogen  peroxide  containing  also  hydrate 
water  may  be  called  hydrated  hydroperoxldates. 

Stable,  true  peroxy  compounds,  such  as  potassium  peroxy- 
dleulfate,  ^282^8*  ^^^@d  to'a  potassium  iodide  solution  at 

pH  7,5  to  8.0,  will  liberate  iodine,  but  no!  oxygen  is  evolved. 

On!  the  other,  hand,  the  addition“type  of  oompouM',  ~ Wht ~ 
;h7^9S?n  peroxide  of  crystallization,  and.  unstable'  peroxy  eom- 
pounds  containing  groupings  which  are  eaa.'.ly  hydrolyzed  to  form 
hydrogen  peroxide  and  the  normal  oxyaolds  -O-OH  HgO -OH  t HgOg, 
will  not  liberate  iodine  under  these  oondltions,  but  inotead  the 
hydrogen  peroxide  released  decomposes  with  evolution  of  oxygen. 

These  faote  have  been  utilized  in  a proposed  test  (19)  for  a 
true  peroxy  compound,  as  distinguiehed  from  the  addition  type  of 
compound.  The  validity  of  this  test,  sometlmos  referred  to  as 
the  Rieeenfeld-Liebhaf sky  test,  haa  been  called  Into  question 
reoently  by  Partington  (20).  It  would  appeal'  probable  that  the 
result  of  this  test  may  be  railed  upon  when  iodine  is  liberated; 
but  that  If  the  test  ie  negative— If  oxygen,  but  no  Iodine,  is 
eiet  free— we  are  left  In  doubt  whether  an  easily  hydrolyzable 
peroxy  compound  or  hydrogen  peroxide  of  oryatalllzation  ie  respon- 
sible for  the  observed  result. 

Other  examples  of  compounds  oontalnlng  hyoi'ogen  per- 
oxide of  orystalllzatlon,  either  in  the  anhydrous  or  hydrated 
state,  Include  such  oompoundB  as:  Na2S0j^‘H202*9H20;  KP-HgO,,  (21); 

’ Na2S10^*2R202*3H20  (23);  and  nuaeroue  others. 
The  authenticity  of  some  of  these  compounds  must  be  considered 


I 
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;,B  not  above  question,  resting  in  general  upon  the  results  of 
rinriTypie  o?  folids  dryetallized  from  mixtures  of  hydrogen  per- 
oxide with  solutions  of  the  respective  salts.  These  substances 
in  general  are  white,  free-flowing  solids,  which  have  a moder- 
ate degree  of  solubility  in  water,  the  solutions  giving  the 
reactions  of  hydrogen  peroxide.  The  faot  that  true  peroxysalts 
may  exist,  as  well  as  the  respective  hydrogen  peroxide  addition 
oompounds,  is  indicated  by  the  report  that  true  peroxyborates 
may  be  isolated,  which  are  very  stable  at  room  temperature  (24).* 

PREPARATION  OP  INORGANIC  PEROXIDES  AND  SUPEROXIDES 
General  Methods  leading  to  Peroxide  Formation 

The  procedure  best  suited  to  the  preparation  of  a 
partioular  metal,  peroxide  , or  euperoxlde  is  in  general,  s elect _ed 
TPQffi  “cnar  of' 'thr^l  TBethffdei  - (ly-hBatlirg  thB-netal  -or  tte  -bxtd® — ^ — - 
in  TJxygeh  or  airf  (2)  oxidation  in  lit^uid  aRmonld;  (3)  rjf>se:1riP&A 
of  oompounds  of  the  metal  with  hydrogen  peroxide,  usually  in  the 
presence  of  added  alkali.  In  the  first  of  these  methods  the 
metal  may  be  heated  in  an  excese  of  oxygen  or  allr  to  the  requisite 
temperature.  By  this  method  sodium  ie  converted  in  two  etages  and 
95J^  yield  to  the  pale-yellow  peroxide,  NagOg,  vhen  the  metal  la 
heated  at  about  300^0  in  dry  air.  The  hydroperoxide,  NaOOH,  or 
its  hydroperoxldate,  NaOOH‘0.5  formed  from  an  loe-oold 

alooholio  solution  of  NagOg  by  addition  of  oonoentrated  mineral 
aolde.  Of  the  other  alkali  metale  under  einilar  oiroumstanoee 
lithium  gives  the  normal  oxide,  LigO,  a white  solid,  with  only 
traces  of  the  peroxide,  whereas  potaeelum,  rubidium  and  oesium 
yield  euperoxldee — KOg,  orange-yellow;  RbOg  and  OeOg,  varlouely 
described  as  reddish  yellow  and  dark  brown. 

In  Group  II,  no  peroxide  of  beryllium  hae  been  definitely 


* An  addition  product  of  hydrogen  peroxide  and  a borate,  together 
with  sodium  silicate  is  marketed  under  the  name  •sodium  perbor 
silicate"  (25).  It  has  excellent  storage  oharaoterietioe  when  in 
contact  with  oatalytloally  inactive  materlale.  It  is  found 
valuable  as  a combined  detergent,  bleaching  and  cleansing  agent. 


161. 


established;  and  of  the  alkaline-earth  family  of  metals  only 
strontium  and  barium  yield  peroxides  when  the  metal  is  heated 
in  oxygen  at  atmospheric  presaure,  as  CaOg  and  MgOg  are  thermo- 
dynamlofilly  unstable  under  these  conditions . Strontium  combines 
Incompletely  with  oxygen  to  form  a peroxide  at  500°0  under 
pressuree  of  the  order  of  100  to  I50  atm  (26).* 

Under  pressures  of  200  - 25O  atm  and  temperatures  of 
350  - ^00°  the  reversibility  of  the  reaction 

« 

28r0  + Og 

has  been  demonstrated  (27).  The  reverelblllty  of  the  reaction 
of  barium  oxide  with  oxygen: 

2BaO  - Og  2Ba02  (2) 

oarried  out  at  §QQ  - formerly  applied  to  the  eepara- 

tidh  of  oxygen  from  the  nitrot^'en  of  the  air  (Brin  prooese),  the 
oontrol  of  the  direction  of  the  reaction  bding  maintained  by  ad- 
justment of  the  pressure  of  the  gas  In  oontaot  with  the  eolld 
at  this  temperature. 

A second  general  method  by  whloli  peroxides  of  the  alXall 
and  alkaline-earth  metals  have  been  prepared  differs  from  the 
first  method  In  that  the  oxidation  of  these  metals  Is  effected 
In  liquid  ammonia  solution  (about  -33°C  or  lower).  Thus,  a solu- 
tion of  metallio  sodium  In  liquid  ammonia  Is  converted  by  oxygen 
Into  the  peroxide,  NsgOgJ  and  of  the  other  alkali  metals,  potas- 
sium, rubidium  and  cesium  similarly  form  peroxides  as  the  first 
step  leading  to  the  superoxides.  However,  lithium  and,  among 

* The  dlBsoolatlon  preosure  of  8r0_  reaonea  760  mm  at  357°* 

It  la  of  Interest  to  note  that,  although  solid  strontium  oxide 
does  not  take  on  additional  oxygen  at  400  and  100  atm  pressure 
to  more  than  about  1S%  of  the  amount  theoretic ally  required  for 
complete  conversion  to  peroxide,  if  a solution  of  etrontla  In 
fused  oaustlo  alkali  Is  employed  and  oxygen  paaeed  into  it,  the 
peroxide  may  be  formed  praotloally  completely.  Leaching  of  the 
cooled  melt  with  alcohol  dleenlvee  the  caustic  alkali,  leaving 
slightly  soluble  strontium  peroxide. 


^he  <.%lkallne-earth  metals,  calcium  and  mtigneslum,  as  well  as 


beryllium,  either  fall  to  react  in  this  manner  or  undergo  in- 


complete conversion.  The  small  size  of  the  lithium  and  beryllium 
atoms  doubtless  contributes  to  their  Inability  to  form  the  cor- 
responding metal  peroxides  under  these  conditions. 


When  a current  of  dry  ammonia  gas  is  passed  into  a cold 
solution  of  hydx’ogen  peroxide  In  absolute  ether,*  a crystal- 
line hydropero.xlde,  NH|^00H,  first  separates  at  -10°0,  then  re- 
dlesolvee  as  more  ammonia  Is  provided  and  ammonium  peroxide, 
(NHj^)202,  a colorless  oil,  freezing  at  about  -40°C,  la  formed. 

Peroxides  of  some  metals  which  are  not  formed  under 
ordinary  conditions  by  the  direct  action  of  oxygen  on  the  metal 
f «.*£•  I lithium  peroxide)  may  be  prepared  in  a third  method  by  the 
addition  of  30^  hydrogen  peroxide  to  concentrated  aqueous  aolu- 
tlona  containing  the  metal  ion.  s&ldd  ob^tained 

when  30^  hydrogen  peroxide  is  added  to  a ooixoantratt^  PX 

XlthltSD  hydroxide,  followed  by  the  addition  of  aloohol.  fhe  etn^ 
hydrous  peroxide,  U.2O2,  oa.n  be  obtained  from  the  hydroperoxldate 
by  drying  over  phosphorus  penUoxide  JUn  vacuo . Beryllium  peroxide, 
however.  Is  not  obtainable  by  this  procedure  and  magnesium  yields 
a product  containing  a mixture  of  acme  peroxide  with  conelderable 
hydroxide.  The  other  aUcaline-earth  metals  give  hydrated  00m- 
pounds,  Buoh  as  CaOg-aHgO,  SrOg^bKgO,  or  Ba02'8H20,  of  unknown 
crystal  structures,  which  on  dehydration  yield  the  anhydrous 
oompounde. 


Some  oonfueion  exieta  in  the  literature  oonoernlng  the 

■M  -*Z 

existence  of  the  intermediate  type  of  oxide,  0^  or  M 0^, 
such  as  X2O2,  ^^2^3'  BaO^,  presiused  to  be  formed  either  when 
the  euperoxide  la  heated  or  by  the  action  of  oxygen  on  liquid 
ammonia  eolutlona  of  the  respective  metala.  In  the  latter  case 
the  oxidation  of  the  metal,  euoh  as  potaseium,  le  considered  to 


* As  the  mixture  of  hydrogen  peroxide  In  ether  may  be  ex- 
plosive under  some  oirourastanooB,  this  procedure  ie  attended 
with  some  danger. 


pass  through  the  atagoa  represented  by  the  formulae:  KgOgi 

K,0-  and  KO,.  Joannls  (26)  oxidized  a solution  of  metallic 
potaaelum  In  liquid  ammonia  by  passing  a streeun  of  oxygen 
through  the  solution  until  the  precipitate  formed  assumed  a 
definite,  brlok-red  color,  and  before  the  change  to  yellow  (KO2) 
had  occurred.  De  Fororand  (29)  heated  the  superoxide,  KOg,  at 
^80^  under  1 mm  pressui'e  and  claimed  that  a product  oorrespondlng 
to  pure  was  obtained  thereby.  Jaubert  (30)  claimed  to  have 

prepared  the  same  substance  by  a controlled,  alow  oxidation  of  an 
alloy  of  potassium  with  lead,  tin,  or  sodium,  gently  warmed  as 
air  was  gradually  admitted.  The  olalm  to  ohemloal  Individuality 
of  these  Intermediate  oxides  Is  not  too  well  founded,  however, 
and  it  la  very  probable  that  they  may  represent  merely  mixtures 
of  the  auperoxldes  and  peroxides;  although  some  authors  prefer 
to  ldbk~upon  them  as  possessing  "def iniTe'  atql^  com- 

positions,  Indicated  by  suoh  a formula  as  R1^(^*2R'bp^  X-ray 
studies 'On  the  rubidium  and  cesium  oompounds  led  to  the  formu- 
lation and  Co^O^  for  these  substances  (31)>  In  the  ab- 

sence of  any  evidence  of  the  existence  of  an  0^  ion  In  suoh 
substance s,  the  "eeequloxlde"  formulae  must  be  regarded  aa  of 
doubtful  Blgnifloanoe. 

Preparation  of  Superoxldee 

AS  indicated  above,  the  reaction  of  metalUo  potaaelum, 
rubidium,  or  oeelum,  heated  with  oxygen  at  ordinary  preaeure, 
or  fused  with  potaaslum  nitrate,  leads  in  a vigorous  manner 
directly  to  the  superoxldee,  suoh  as  KOj,;  whereas  the  oxidation 
of  iodlum  normally  ntopa  at  the  peroxide  stage,  Na^0„.  The  super- 

da  Ct 

oxides  of  potassium,  rubidium  and  oeslum  are  also  obtained  in  a 
quite  pure  condition  by  the  rapid  oxidation  of  solutions  of  the 
metals  in  liquid  ammonia. 

Although  early  writers  refer  to  potaaelum  superoxide 
as  if  it  were  dimeric,  as  in  ^2^4  ^26),  thle  formulation  is  not 
borne  out  by  the  x-ray  study  of  the  eolld  oompounds.  It  has 
been  shown  oonclualvely  that  in  the  potaselum  compound  the  crystal 
is  cotiposed  of  an  array  of  and  lone  in  a faoe-oentered 
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idttloe  of  th.8  calcium  carbide  type.  The  crystal  structure  of 
KO21  like  that  of  GaC,,  may  be  regarded  ae  derived  from  the  rook- 
salit  type  of  structure  by  replacement  of  the  Cl""  Ion  by  the  0“, 
or  0|  Ion,  respectively.  In  order  to  aooomiaodate  this  replace- 
ment of  Og  for  01~  a lowering  of  the  symmetry  of  the  crystal  to 
the  tetragonal  system  becomes  necessary.  The  compound  Is  para-, 
magnetic;  the  magnetic  moment  of  2 Bohr  magnetons  corresponds 
to  a structure  with  one  unpaired  eleotron,  as  Is  Indicated  in 
Its  electronio  formula.  Thle  evidence  likewise  serveo  to  refute 
the  dimeric  fornmlation, 

In  the  reaction  products  of  hydrogen  peroxide 
acting  upon  the  hydrated  peroxides  of  barium  and  oalolum,  the 
presence  of  8 to  9^  of  the  superoxides  of  these  metals  has  been 
reported,  but  the  completely  pure  compounds,,  OaOj^  or. BaOj^, 
probably  have  Rfft  yet  been  Behaohtw  ‘ 

and  Kleinberg  wt  al.  baa  InMeated  that  aedlum  alao  Is 

capable  of  forming  with  oxygen  a auperoxlde,  NaO,,  at  a tempera- 

o ^ \ 

ture  of  approximately  -77  C In  liquid  ammonia  solution.,  The 

compound  reverts  to  the  peroxide  and  oxygen  when  the  tempera- 
ture is  allowed  to  rise.  As  yet  no  superoxide  of  lithium  has 
been  Isolated,  although  evidence  has  been  offered  of  its  forma- 
tion at  temperatures  well  below  the  boiling  point  of  liquid 
ammonia,  -33°C  (33),. 

The  Buperoxldee  are  distinguished  from  the  correspond- 
ing peroxides  by  the  readiness  with  which  they  liberate  oxygen 
when  added  to  ioe-oold  water;  under  similar  conditions  the  per- 
oxides in  general  do  not  react  in  this  way  without  the  presence 
of  a catalyst.  Heating  a dry  superoxide,  such  as  XO^,  doe • not 
cauee  appreciable  loss  of  oxygen  up  t-j  the  melting  point — In 
this  case  approximately  400°C..  This  degi;rec  of  stability,  of 
course,  is  not  shared  by  HaO^,  which  is  preuumahly  stable  only 
at  low  temperatures. 

The  vigorous  reaction  of  potassium  superoxide  with 
water,  liberating  oxygen,  has  been  utilized  In  the  construction 
of  gas  maeks  employed  In  f Ire-f Ightlng  or  rescue  work,  in  which 
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the  moisture  and  oarbon  dioxide  In  the  e^shaled  breath  of  the 
wearer  of  the  raaak.  reacting  with  the  super oxide  contained  in 
the  canister  of  the  gas  mask,  j’eleeses  a supply  of  oxygen  euf- 
flolent  for  the  wearer's  need  and  conver-te  the  caa^bon  dioxide 
Into  potassium  carbonate.  - In  this  way  the  mask  may  operate  fts 
In  a closed  system,  entirely  Independent  of  the  surrounding 
atmosphere. 

Just  as  all  metal  peroxides  are  considered  as  salts 
of  the  parent  acid,  ^2^Z‘  superoxides  may  be  referred 

to  as  salts  of  an  unstable  acid,  HO^,  which  when  released, 
spontaneously  decomposes  into  hydrogen  peroxide  and  oxygen: 

2HO2  H2O2  1 0^  (3)  / 

It  is  also  probable  that  the  reaction  of  ozone  upon  solid  potae- 
alum  hydroxide,  which  results  in  a yellpwlsh--brown-BO-lrld  coating, 
la  due  to‘"^hl"'Tormanoh'^~pVv^ 

' 0„  b 2K0R  > 2K0.,  -r  H.,0  (4) 

A rather  eurprielngly  violent  raaction  between  potaa- 
elum  Buperoxlde  and  metallic  pctaselum  has  been  described  by 
Gilbert  (3^).  A crust  of  the  oxides  of  potassium,  l/hn  •«  1/2" 
thick,  formed  by  the  gradual  action  of  atraoepherlc  oxygen  upon 
stored  bare  of  the  metal,  when  brought  forribiy  Into  Intimate 
contact  with  the  underlying  metal  (presumably  beneath  a layer 
of  the  monoxide,  which  normally  acts  as  an  Insulator)  reaulted 
In  a violent  explosion,  which  was  interpreved  as  being  due  to 
Interaction  of  the  metal  and  the  superoxlde  oantalned  in  the 
outer  layer  This  behavi:.>r  is  not  ouFll-atel  by  sodium,  whloh 
on  alow  oxidation  by  gradual  anceua  of  hit  forms  no  auperoxlde, 
but  tfiaiiiiy  the  monoxide. 

In  a coromeroial  Drepferaiion  cf  roiAWfii  im  superoxide 
the  molten  metal  Is  bpruyed  int-i  a chfiiuber  contBlnlrig  a mixture 
of  oxyge!^  end  nitrogen  {11  to  C^)  under  (.onnltlcne  such 
that  the  product  Is  rapidly  sjolldified  ns  n light  powder.  Fur- 
ther detalle  concern  I the  proper t\ er.  of  ti.ls  fu'inpouiul  are  given 
bulc'W  . 
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A wide  variation  in  thermal  etablllty  Is  shown  by 
i;he  metal  peroxides,  ranging  irom  the  relatively  ver,  stable 
nr>mponnd8  of  the  alhall  metals,  through  the  alkaline  earth 
peroxides  and  zinc  and  oadmluin  peroxides  to  the  relatively 
unstable  compounds  of  copper  and  mercury,  this  order  following 
the  decrease  in  electropositive  character  of  the  constituent 
metals.  Details  concerning  the  Individual  compounds  are 
given  below. 

Considering  the  properties  and  applications  of  In- 
dividual metal  peroxides,  in  the  following  aooount  these  com- 
pounds are  listed  in  the  order  of  their  location  in  the 
Periodic  Table. 

Peroxy  compounds  of  group  I 

~ Of  tihA  alka^  raetalB  the  peroxide  of  sodium  and  the 
euperoxlde  of  potasalun  are  the  only  oompoimds  or  praotioal 
Importanoe. 

sodliun  Peroxide 

Na202i  the  oommoneet  and  best  known  of  the  metal  per- 
oxides, usually  prepared  by  the  aotion  of  dry,  oarbon  dioxide-free 
air,  or  oxygen,  upon  netallio  sodium,  best  at  300  - 400^0,  is  aom- 
nerolally  available  as  a yellowish-white  powder  with  a content 
of  S>0  - 9^%  ^<^2^2'  oxidation  may  be  oonduoted  either  in  a 

continuous  manner,  in  whloh  sodium  metal  le  heated  ae  it  le 
brought  into  an  atmosphere  progressively  richer  in  oxygen,  or 
in  a two-etep  prooess,  wherein  the  monoxide  is  first  formed  under 
conditions  of  limited  aooess  of  oxygen  and  low  temperature  (120  - 
200^0) , followed  aubeequently  by  the  oonverslon  of  the  monoxide  to 
peroxide  in  a furnaoe  at  200  - 390®C,  in  whloh  the  powdered  monox- 
ide is  kept  in  constant  motion  in  an  atmosphere  of  either  pure 
oxygen  or  dry  air  enriched  with  oxygen.  Utlllaatlon  of  rotary 
furnooee  in  plaot!  of  conventional  stationary  kilns  In  this  process 
has  been  fouml  to  effect  a considerable  saving  of  space  and  of 
labor.  Hants  (33)  has  recommended  a process  involving  exposure  of 
sodium  oxide  to  cyclically  varying  pressure  of  dry  air  at  350  - 490°. 
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The  yellowish  color  of  eodium  peroxide  has  been  con- 
sidered by  some  writers  to  be  due  to  Impurities,  suoh  as  Iron. 

However,  on  heating,  the  color  of  pure  sodium  peroxide  deepens 
to  a brown,  and  on  cooling  the  original  color  Is  restored.  This 
behavior  resembles  that  of  the  oxides  of  alno,  tin.  Indium,  etc. 

When  superficially  converted  to  carbonate,  by  contact  with  air, 
as  may  occur  when  the  solid  has  been  allowed  to  stand  some  time 
In  a container  which  Is  not  tightly  sealed,  the  yellow  color  le 
accordingly  converted  to  white.  Above  Its  melting  point  (460°G) 
decomposition  with  loss  of  oxygen  becomes  noticeable  and  at  red 
heat  progresses  readily  (36). 

Atmospheric  moisture  and  carbon  dioxide  are  rapidly 
absorbed  by  todlum  peroxide,  with  formation  of  hydroxide  and 
carbonate,  re'speotively.  The  reaction  of  solid  sodium  peroxide 
‘wph  water  at  ordlnwy;irempe:i^  Cuo , _ 

resulting  :.in  the  liberation  of  oxygen  and  a strong  hejating  effect; 
but  if'  ice-cold  water  is  used  and  the  solid  is  added  gi^adually, 
thsieb  effects  may  be  largely  avoided,  and  the  resulting  alkaline 
solution  at  room  temperature  shows  the  presence  of  hydrogen  per- 
oxide. At  higher  temperatures  the  hydrogen  peroxide  rapidly 
deoomposee  In  the  pretence  of  the  free  alkali. 

In  Its  various  applloatlone  sodium  peroxide  thus  acts 
as  a convenient  source  of  hydrogen  peroxide  when  brought  into 
solution.  If  sodium  peroxide  is  brought  at  room  temperature 
Into  oontaot  with  carbon  dloxlde-free  air,  saturated  with  water 
vapor,  or  dissolved  in  about  four  times  Its  weight  of  ice-cold 
water,  an  ootahydrate,  Na202«6H20,  may  be  obtained,  whioh  deposits 
as  clear,  transparent,  tabular  oryotals  when  the  solution  is 
evaporated.  At  30*^  the  hydrate  dlseclvee  in  ite  crystal  water;  j 

but  at  temperatures  above  4o‘^0  the  alk.allne  solution  begins  to  | 

decompose.  A mono-  and  a dlhydrate  are  also  known.  Vapor  prese-  { 

ur«B  of  water  over  sodium  peroxide  hydrv%tee  have  been  reported  ' 

by  Buaee  (37)*  j 

The  formation  of  sodium  hydroxide  and  hydrOj-en  per-  | 

oxide  by  the  hydrolysis  of  eodlum  peroxide  is  the  baeie  of  one  j 

i 
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.f  the  largeet  ueea  of  this  compound,  for  bleaching  and  laundry 
'irnooe.s.  Wood  pulps,  cotr.on,  linen  and  wool,  strav,  oils,  glue 
and  gelatine,  and  various  other  materials  may  be  bleached  by 
the.'  use  of  sodium  peroxide.  Commercial  preparations  for  such 
purposes  usually  contain  stabilizers,  such  as  sodium  silicate 
or  magnosluin  sulfate.  The  decomposition  of  hydrogen  peroxide, 
thus  formed,  from  sodium  peroxide,  which  Is  favo.red  by  the 
presence  of  alkali,  le  also  utilized  as  a convenient  source  of 
small  quantities  of  oxygen. 

Sodium  peroxide  has  a variety  of  uses  as  an  oxidizing 
agent,  both  in  industry  and  in  the  analytical  laboratory.  In 
the  latter,  fused  sodium  peroxide,  either  alone  or  when  mixed 
with  the  proper  proportion  of  sugar  charcoal,  provides  a most  ^ 
powerful  oxidizing  fusion  reagent,  which  attacks  many  refractory 
materials  t36) . Fusions  of  this  kind  are  usually  carried  out  In 
nickel  or  sliver  cruoibles— platinum  being  rapidly  attacked  under 
most  ordinary vconditicns. * Iron  is  somewhat  more  resistant/  but 
aluminum  or  copper  are  rapidly  attacked  by  the  fused  peroxide.. 

Although  of  itself  sodium  peroxide  is  seen  to  be  a 
relatively  quite  stable  substance  below  its  melting  point  and  is 
not  subject  to  explosive  decomposition  through  shook  or  heating 
in  a flame,  nevertheless,  mixtures  of  the  peroxide  with  a wide 
variety  of  easily  oxidizaMe  materials,  both  organic,  and  inorganic, 
lead  to  some  explosive  reactions.  A mixture  of  sodium  peroxide 
with  iron  f Hinge,  aluminum  powder,  calcium  carbide,  or  sulfur 
powder,  when  moistened  with  water  or  concentrated  sulfuric  acid, 
or  when  heated  strongly,  may  result,  in  an  exploolon;  and  under 
similar  circumstances  vvoicrit  explosions  or  reactions  with  in- 
oandesoense  are  shown  by  a number  o.f  orgar.lc  oubstances,  such 
as  sugar,  glycerine,  glacial  acetic  acid,  and  other.  Wood, 
paper,  or  cloth  may  be  caused  to  ignite  by  contact  with  sodium  i 

peroxide. 

* Rafter  (39)  line  pointed  out  that,  in  the  abeence  o.f  easily 
oxldlzeble  mat  *?rln.lc. . suci  as  sulfides . atid  If  the  prelimin- 
ary heating  Is  carrl^ed  out  cautiously  «o  that  the  temperature 
do'^B  not  exceed  C before  'be  re.iptlon  prov'.er  e:ete  under- 
way, the^.^max n util  ^ e^’ p.,-,- a w>i.  In  r-ne.rt»i  n.ot  ex- 
ceed and  inder  tb.efie  ■ e .nu'’ ,ini-er.  U-.e  p 'at  lnu.n  will 

not  be  attacked. 


! 
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Oxidations  of  various  lower  valence  oompounde,  euoh 
as  chromic  and  manganous  aalte,  to  chromate  and  manganese 
dioxide  respectively,  occur  readily;  and  Iron  powder  Is  con- 
verted directly  to  eodlum  ferrate,  NagFaOj^.  Nitric  or  nitrous 
oxidBH  react  at  about  150°o  with  sodium  peroxide  to  form  sodium 
nitrite  and,  in  the  latter  case,  free  nitrogen. 

Organic  peroxidee  and  peroxyaoids  have  been  prepared 
by  the  interaction  of  sodium  peroxide  with  organic  add  an- 
hydrides or  add  chlorides  under  suitable  conditions. 

Sodium  peroxide  not  only  forms  hydrates,  but,  as  men- 
tioned above,  when  treated  in  the  cold  with  an  alcoholic  solu- 
tion of  concentrated  sulfuric,  hydrochloric,  or  nitric  add,  it 
forms  the  "add  salt,"  NaOOH,  sodium  hydroperoxide,  which  is  a 
rather  unstable,  crystalline,  white  solid.  The  hydroperoxide. 

lt#Bl^-lB-~oapabl8  of -forming  a -hydroperoxldate,  as  in . ,,E~Z 

and  Its  hydrated  form,  These  ootf- 

pounds  are  too  unstable  to  find  use  oonnerolally.  Analogous 
compounds  of  potaeeium  are  also  known. 

Potassium  Peroxide  and  Buneroxide  - 

Like  sodium,  pota&eium  is  capable  of  forming  a perox- 
ide, ^^2.*  ^ sulfur- yellow,  hydroscopic  powder,  resulting,  j».£. , 
from  the  oxidation  of  potassium  metal,  dissolved  In  liquid 
ammonia,  by  passage  of  oxygen  through  the  solution  at  -50°0, 
until  the  solution  becomes  deodorised.  When  the  peroxide  is 
heated  In  air  or  oxygen  it  is  converted  into  the  superoxide,  KO^. 
The  product  of  the  oxidation  of  metallio  potaseium  when  warmed  in 
oxygen  ox  air  to  60  - 80°C  in  consequently,  the  superoxide,  KO^, 
ohrome-yellow  In  color.  The  superoxide  le  also  produced  by  the 
low-temperature  oxidation  of  potassium  in  liquid  ammonia  with  an 
excess  of  oxygen.  Potassium  superoxide  is  quite  stable  on  heat- 
ing up  to  its  melting  point,  380°C.  At  higher  temperatures  it 
dissociates,  forming  and  oxygen.  Atmospheric  moisture 

rapidly  decomposes  it  with  formation  of  ootasslum  hydroxide  and 
with  liberation  of  oxygen;  with  liquid  water  it' reacts  intensely 
in  the  same  manner.  It  reacts  both  with  carbon  dioxide  and  with 
carbon  monoxide  to  form  carbonate  and  oxygen. 

Rubidium  and  cealuro  form  elml Lar  superoxide » . All  are 
deep  yellow  in  coior,  drf.rRcn.iMj_'  to  brown  on  heating,  and  turning 

■hi  nf^V  v/hpir  ‘iiplt.iod 
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Peroxy  Salts  of  Qroup  I Matals 

Among  the  peroxy  salts  of  CJroup  I metals,  the  peroxy- 
borates,  peroxyoarbonates  and  peroxypyrophoaphates,  referred  to 
earlier,  may  be  considered  as  typical. 

Sodium  peroxyborate  may  be  prepared  (4o)  by  the  re- 
action of  borax  solution  with  hydrogen  peroxide  and  sodium 
hydroxide  (or  sodium  peroxide),  as  In 

NagB^O,^  + 2NaOH  > UNaBOg -h  H2O  (5) 

NaBOg -h  HgOg  + 3H2O  > NaB02*H202.3H20  (6) 

or  by  the  eleotrolysle  (41)  of  a solution  of  borax  and  sodium 
carbonate,  using  platinum  anodes: 

+ 2KagCq  40  ITH^O  ”^92"^  3^5°^  ZNaHCa^  { 7) 

Ths  hydrated  compound  whloh  precipitates  on  ooolins 
the  solution  to  about  10°G  may  be  filtered  off,  washed  and  dried. 

j 1 k _ 

Preparation  ae  a. barium  salt  has/been  desoribea  (42).  It  serveB 
as  a source  of  hydrogen  peroxide  In  an  aUcaline  medium  (pR  of 
saturated  solution  le  about  10),  and  has  found  extensive  use  not 
only  in  textile  bleaching  and  the  oxidation  of  dyestuffs,  but  in 
tooth  powders,  oral  antiseptics,  eto.  Its  properties  are  those 
oorreepondlng  to  an  addition  product  of  hydrogen  peroxide  rather 
than  to  a salt  of  some  hypothetical  peroxyborio  aoid.  It  is 
therefore  preferably  represented  by  the  formulation  used  above, 
that  of  the  trlhydrated  hydroperoxidate  of  sodium  metaborate, 
rather  than  as  the  tetrahydrate  of  a peroxyborate,  NaBO^. 

Bimllarly,  when  a solution  of  hydrogen  peroxide  and 
Bodlum  carbonate  oontalnlng  the  proper  proportions  of  the  two 
compounds,  is  evaporated,  or  when  hydrogen  peroxide  is  added  to 
a oonoentraved  bcIulIuii  uf  ,»udlUi7i  carbonate,  ths  hydi'operoxl- 
date,  2Nfi2C02- 3H2O2.  i®  proclpitated  (43)  This  substance  holds 
its  hydrogen  peroxide  content  rather  constantly  at  room  tempera- 
ture over  considerable  periods  of  time.  The  white  solid  oontalnn 
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about  of  active  oxygen  and  la  frequently  used  In  oleaeing 
agents,  with  soapa,  detergents,  etc.,  espeolally  for  home 
laundering. 

Several  other  addition  compounds  of  sodium  carbonate 
and  hydrogen  peroxide,  together  with  their  hydrates,  have  been 
reported.  Including  compounds  with  ratios  of  H2O2SH2O  of  1.1 
and  2:1.  The  thermal  and  dehydration  oharaoterletlos  of  these 
hydrated  hydroperoxldatoe  have  been  studied  by  Makarov  and 
Ohamova  (44). 

These  subetanoec  are,  of  course,  not  salts  of  true 
peroxyoarbonlo  add.  Of  the  latter,  the  potaeslum  compound, 

peroxyoarbonate,  was  first  prepared  in  1896  (45) 
by  the  eleotrolysls  (46)  of  a saturated  soluHon  of  potassium  car- 
bonate at  ~15®C.  The  structure  of  this  compound,  and  similarly 
tiaiit  of  Mdlum  and  ^bldltOo,  qontal^^^  the) 

nay  be  represented  aa  p-0“0-0-<o-0-0- J ^ The  salt,  which  In  a 

ffiOlit  condition  is  pale  blue  in  color,  1,|  reasonably  stable  when 
preserved  in  a dry  atmoaphere,  but  Ifl  easily  decomposed  by  the 
moisture  of  ordinary  air,  yielding  OO2  and  oxygen,  and  reverting 
to  |K}taaSiam  carbonate. 

The  time  peroxyearbonatee  of  sodium,  potassium  and 
rubidium  were  also  prepared  by  the  s,otioh  of  fluorine  gas  on  the 
corresponding  oarbonate  solutions  at  -13°  to  -16®C,  with  regular 
addition  of  alkali  hydroxide  solutlone  (47).  The  stability  of 
the  reeultlng  peroxyoarbonates  le  dependent  in  large  measure  upon 
the  purity  of  the  starting  materials.  Absence  of  even  liiinute 
quantities  of  oatalytlo  lone,  euoh  ae  affeot  tho  stability  of 
hydrogen  peroxide  Itself,  la  essential. 

The  formation  of  peroxyoarbonlo  acids  in  salt  solu- 
tions oontailnlng  oxygen  and  carbon  dioxide  has  been  observed 
polarographioally  (48).  Partington  and  Fathallah  (24)  reviewed 
and  relnveatlgated  the  subject  of  peroxyoarbonates. 

Prom  sodium  pyrophosphate  the  compound,  Naji^PgO.^ '2H2O2. 
Is  obtained  by  the  action  (49)  of  concentrated  hydrogen  peroxide 


on  n.  Blurry  of  the  pyrophosphate.  Its  properties  resemble  those 
of  the  preceding  addition  compounds.  Numerous  hydrogen  peroxide 
addition  oompounds  of  alkali,  ammonium,  and  alkali ne-eeupth  ortho- 
phosphates, especially  the  secondary  and  tertiary  salts,  have 
been  prepared  by  direct  interaction  of  the  constituent  oompounda. 

In  a manner  analogous  to  that  exhibited  by  the  sulfates 
and  oarbonates,  it  has  been  possible  to  prepare  true  peroxy- 
phosphates,  particularly  by  the  eleotrolytio  method.  Thus,  potas- 
sium peroxyphosphate,  K^P^Og,  is  formed  at  the  anode  when  a solu- 
tion of  phosphate,  K2HP0j^  Ir  electrolysed  (50),  the  essential 
reaction  being 

2Po2‘  > 2 6"  (8) 

The  peroxyphosphates  also  result  from  the  reaction  of  fluorine 
up^omt^eouB-iolatione  of  dlso^OT “phosphate  or jpjTophosph^  (51)  . 
The  solid  salt  is  <iuite  stable,  but  its  solutions  undergo  hydroly- 
sis, more  rapidly  than  those  ot  the  persulfates.,  foPDlng  hydrogen 
peroxide  and  phosphorio  aold. 

Peroxyaolds,  or  their  salts,  formed  from  various  other 
elements  in  (Groups  IV  to  VI  of  the  periodic  system  have  been  re- 
ported, for  details  oonoernlng  which  the  reader  Is  referred  to 
Maohu's  book. 

In  periodio  Group  Ib,  although  reference  haa  been  made 
to  the  fact  that  the  eo-oalled  peroxide  of  silver  Is  believed  not 
to  be  a true  peroxide,  but  merely  an  oxide  of  divalent  silver,  AgO, 
it  is  barely  possible  that  a peroxide  of  univalent  silver  ie 
capable  of  existence.  Existing  data  leave  the  matter  still  in 
doubt. 

A hydratsd,  red  peroxide  of  copper  is  known,  Cu02*H20, 
as  well  as  a basic  ocmpouml  reported  to  be  OuO^'CutOH) ^ (S2). 

The  existenod  of  suoh  substanoee  as  these  offers  a reasonable 
explanation  of  the  pronounoed.  oatalytlo  effect  of  ouprlo  com- 
pounds upon  the  decomposition  of  hydrogen  peroxide,  in  which 
a cycle  of  changes  represented  by  euoh  equations  as 
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CuO  + HgOg 

- CuOg  -t  HgO 

CuOg  + HgOg— 

> CuO  +-  HgO  -h  Og 

(10) 

may  be  responsible  for  the  sharp  Inorease  In  the  rate  of  decompo- 
sition of  the  peroxide  caused  by  the  presence  of  copper  compounds. 
This  subject  has  been  Investigated  by  Olaaner  (53). 

PEROXY  COMPOUNDS  OF  ORDUP  II 

The  alkaline -earth  metals,  oaloium,  strontium  and 
barium  (put  probably  not  beryllium)  form  peroxides,  which  may  be 
made,  In  the  case  of  barium  and  strontium,  by  either  wet  or  dry 
methods.  In  the  dry  way,  for  example,  the  reaction 

- - - i asro  + 0,  2Sr0g  - (U) —--4. 

produces  strontium  peroxide  in  90  >«  953S  purity.  Barium  pero^ds 

.....  - • . % ■ ■ 

does  not  require  additional  prsisure  for  conversion  from  the  — 
monoxide  to  be  effected.  The  dry  prooese.  ylolde  a denser  product 
than  precipitation  in  the  wet  way^  ae  by  addition  of  hydrogen  pez»- 
oxide  to  a solution  of  the  nitrate,  referred  to  below.  Xagnesiumf 
peroxide  apparently  oannot  be  prepared  directly  from  the  oxide. 

The  formation  of  0a02  from  oaloium  oxide  and  oxygen  was  first 
reported  by  Struve  (54)  and  data  are  available  for  the  dissociation 
preesuree  at  low  temperatures  (55).  Rieeenfeld  and  Notteboha  (56) 
failed  to  achieve  eyntheeie  in  this  maiiner,  hoVever,  and  the  sit- 
uation le  oompUoated  by  the  fact  that  the  peroxide  appears  to 
have  two  modifioatione,  an  alpha  form,  stable  at  low  tenperaturea 
and  slow  to  dlseooiate,  and  a beta  form  stable  at  higher  tempera- 
tures and  readily  dissociable  (35).  Recent  studies  on  the  CaO  - O2 
eye tea  have  shown  that  traces  of  the  peroxide  are  foraed  at  low 
temperatures  and  high  preesuree  (57). 

These  peroxides  are  capable  of  adding  up  to  eight  mole- 
culee  of  water,  to  give  hydrated  pero.xldee,  such  as  BaO^'SHgO. 

The  hydrated  peroxides  result  from  the  interaction  of  a Blurry 
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of  the  metal  hydroxide  or  salt  (58)  with  concentrated  solutions 
of  hydrogen  peroxide,  In  a reaction  which  is  essentially  the  re- 
verse of  the  procees  whereby  hydrogen  peroxide  is  produced  by 
the  hydrolysis  of  a metal  peroxide: 

Ba(OH)g  + HgO,  rr  BaO,  + (12) 

In  any  event,  the  water  of  hydration  la  rather  loosely  held, 
and  may  be  driven  off  by  oautloue  heating  without  oaualng  decompo- 
sition of  the  peroxide.  Ae  a group  the  peroxldea  lose  oxygen 
fairly  easily  above  200®  to  250®C,  but  barium  peroxide  Is  stable 
In  air  up  to  about  700®0  (aee  below). 

In  place  of  the  slurry  of  metal  hydroxide,  a solution 
of  the  nitrate  of  the  metal  may  be  oaused  to  reaot  with  hydrogen  . 
peroxide  in  the  presence  of  alkali: 

MtKSg) 2 2RaOR  — -9-  HOg  V 2NaH0j  iHjO}  F”.  Cl3V7 

or,  more  ilaply; 

m***  HgOg  * zon ^ MO2  ♦ 2HgO.  (14) 

\ .. 

‘ 'i  • ’ ■ . ■ : 

If  the  solution  is  Qooled,  the  ootahydrate,  K02*6H20,  say 
orystalllte  out  as  solid  phaue,  vhsrsas  at  higlier  tempera- 
turss  the  anhydrous  psroxide  may  result.  The  hydrated  orystals 
are  more  easily  filtered  and  washed  than  the  alimy  anhydrous 
peroxide  preoipitates,  but  they  loss  active  oxygen  more  readily 
on  dehydration  than  the  anhydroui  oompounds. 

I 

The  nonohydroperoxidatisd  oempoundt,  suoh  as  Ba02*R202i 
formed  when  oold  oonoentrated  hfdrogen  peroxide  aota  upon  the 
dioxide,  lose  their  hydrogen  peroxide  of  cryetalllsation  on  warm- 
ing. The  nagneeiuD  oompound,  although  capable  of  exletenoe,  had 
not  been  isolated  in  a pure  condition. 

Although  the  alkaline-earth  peroxidee  are  auffiolently 
stable  and  urkreaotlve  when  dry  to  be  stored  for  yeare  at  ordinary 
temperaturos  without  appreciable  deterioration,  nevertheless, 
when  In  contact  with  oombuetlble  matter,  eepeclally  if  ground 


175. 


with  such  matter-;  thay  may  cause  firss. 

Audilional  data  concerning  the  individual  compounds 
In  Q’li’oup  II,  follow. 

Barium  Peroxide 

Barium  peroxide  In  droup  Ila  Is  the  most  Importeuit  and 
most  stable  of  the  peroxldee  of  the  alkaline  earths,  and  la 
probably  the  oldest  known  peroxide,  having  been  studied  long 
before  hydrogen  peroxide  was  first  observed.  Prior  to  the 
development  of  the  eleotrolytio  prooeas  for  preparing  hydrogen 
peroxide,  It  served  as  the  chief  source  of  this  compound.  Be- 
oently  a renewal  of  industrial  Interest  In  this  early  prooess 
has  been  noted,  and  several  large-iscalo  plants  have  been  built 
or  are  projected  in  this  country  for  the  produotion  of  non- 
electrolytic  hydrogen  peroxide.  The  preparation  of  barium  per- 
'o'xlda  by  .'the ,.j*Bver*ibie  preoeaa ' • . 

SBaO  + bg > aBaOg  +36.7  koal  (15) 

was  the  basis  of  the  now-obsolete  Brin  preioees  for  the  manufacture 
of  oxygen  which  was  employed  prior  to  tho  'preeent-day  prooeea  i: 
utilising  the  fractional  distillation  of  liquid  air.  Boasting 
the  monoxide  In  air  at  600  - ?00^  readily  forme  the  peroxide, 

BaO^.  The  prooeas  le  roveraible;  Inoreaeing  pressure  favors 
the  formation  of  the  peroxide,  while  IncreaBlng  temperature  dla- 
plaoes  the  equilibrium  toward  the  left.  The  diaaoolatlon  pressure 
reaohea  760  mm  at  640^  (39).  Traces  of  moisture  (resulting  in 
formation  of  barium  hydroxide)  are  found  neoeseary  to  catalyse 
both  the  decomposition  of  the  peroxide  and  Its  formation  from  the 
monoxide  and  oxygen.  The  temperature  of  dlBsooiation  at  atmoe- 
pherio  pressure  le  lowered  by  the  catalytic  affect  of  added  oxides, 
according  to  Kendall  and  .fuchs  (6o). 

When  pure,  barium  peroxide  is  a white  powder  of  ep.  gr. 
4.96;  as  supplied  commercially,  it  may  have  a alight  yellowish 
tinge  if  traoee  of  iron  have  not  been  eliminated.  The  commercially 
available  barium  and  strontium  peroxides  contain  varying  quanti- 
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tli‘8  of  the  oxides  or  hydroxldeB,.  when  heated  at  atiBoepherlo 
preeaure,  but  in  the  abaenoe  of  rooleture,  bej'iuni  peroxide  ahould 
be  stable  up  to  about  7^^0°C,  at  which  temperature  Its  dlasoola- 
tlon  preeaure  equal®  1/5  atm.  Due  to  ite  progressively  Inoreae- 
Ing  decomposition  pressures  at  still  higher  temperato.res,  Its 
melting  point  hpe  not  bean  established,  but  the  mass,  now  a 
mixture  of  dioxide  and  monoxide,  softens  at  about  800°C,  and  Is 
freely  fluid  at  bright  red  heat. 

As  previously  indicated,  barium  peroxide  forms  the 
well-defined  octahydrate,  BaO^^SHgO;  for  example,  whan  dilute 
hydrogen  peroxide  lit  mixed  with  a saturated  solution  of  barium 
hydroxide.  It  forma  glistening  flaky  crystals  which  readily 
effloresce  and  are  slightly  soluble  In  water  (about  1 g per 
liter  at  room  temperature),  with  some  decomposition  Into  the 
~orlflnal  reaotants.  • _ 

Besides  Its  formerly  important  uses  as  a starting 
material  for  the  preparation  of  dilute  hydrogen  peroxide  eolu- 
tlona  and  of  oxygen,  and  consequently  Its  employaitnt  in  bleach- 
ing and  dielnfeotlng,  barium  peroxide  , beoauee  of  it  a good 
oxidising  action,  hae  found  use  in  pyroteohnics  (green  flame)  ^ 
and  when  mixed  with  magneelum  powder,  In  Ignition  mlxtupee, 
euoh  as  those  used  to  initiate  the  thermite  reaction. 

Qalolum  and- Magnesium  Peroxides 

The  peroxides  of  ealoluin  and  magneelum  (In  general 
AiuBlxod  with  hydroxide)  have  found  utllltatlon  In  bleaching  and 
dJ|.Blnf eotlng  (for  example,  in  the  storing  of  grain  or  aeed,  arid 
111  the  dresBlng  of  wounds) ; oaloluro  peroxide  has  also  been  used 
in  dentifrloes,  cosmetics,  and  even  in  chewing  gum.  In  baking, 
oonciderable  quantities  of  CaO^.,  are  us'^d  as  an  aid  In  the  neehanl- 
oal  handling  of  dough.  Both  magneolum  and  calolum  peroxides  have 
been  employed  as  Internal  antacids  and  antlf ormentatlves.  They 
are  white  powders,  generally  available  not  as  pure  compounds  but 
oontaining  40  to  5OJ6  of  oxide.  They  are  quite  stable  and  may  bo 
kept  for  years  ordinary  temperatures  when  dry;  but  are  de- 
composed rapidly  above  JOo'^C,  a few  hours'  heating  at  35^*^  suf- 
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flolng  to  bring  about  a total  Ioba  of  their  active  oxygen  con- 
tent. The  hydrate,  CaO^'SHgO,  le  precipitated  when  hydrogen 
peroxide  le  added  to  a solution  of  calcium  hydroxide  (or  when 
fiodlum  peroxide  la  added  to  a solution  or  a calcium  salt).  It 
becomea  anhydrous  when  heated  to  130°  and  Is  completely  de- 
composed Into  oxide  and  oxygen  below  red  heat. 

Zinc  Peroxide 

Zn02,  like  magnesium  and  oaloium  peroxides,  has  been 
generally  available  only  In  the  form  of  a mixture  containing 
about  45  - 50jj  of  the  hydroxide.  It  may  be  made  by  the  reaotlon 
of  a thin  slurry  of  sine  oxide. with  hydrogen  peroxide  (61).  A 
more  nearly  pur»/  product  is  obtained  by  the  reaction  of  slno 
ethyl  or  sine  amide  with  hydrogen  peroxide  in  ether  solution. 

When  pure  It  Ijs  a white  powder,  but  the  eommerolal  product  may  be 
slightly  ye  110%  in  icolor.  fhe  oompound  decoV^aoii  whfh  Vf^^d  T 
and  deflaerdtes  above  200°c.  It  is  only  slightly  hydrolysed  by 
watsri  and  is  valuable  as  an  antiseptic  and  astringent,  vhen  used 
alone  or  in  oonjunotion  with  sulfa  drugs  in  the  treatment  oi‘ 
wounds  and  skin  diaeassB.  It  is  a frequent  ingredient  in  oos- 
aetloB,  deodorants,  iialves  and  dusting  powders.  It  has  also 
found  applioation  in  the  preparation  of  inseetioides  and  in  the 
vulcanising  of  rubber. 

Cadmium  Peroxide 

OdOg,  a yellow  powder,  usually  obtained  in  an  impure 
form  ae  a basio  compound,  xCdO2*y0d(0H)2,  by  methods  similar  to 
those  used  for  the  preparation  of  sine  peroxide,  like  the  latter 
is  completely  dencmpoael  above  160*^0.  This  compound  is  not 
utilised  oommerolally  at  the  present  time. 

Mercury  Peroxide 

Mercury  is  reported  aa  forming  a vary  unstable,  brlok- 
red  merourlo  peroxide,  HgO.,,  resembling  red  phosphorus,  prepared 
either  by  the  action  of  30;<  hydrogen  peroxide  on  an  alooholio 
merourlo  chloride  solution,  followed  by  addition  of  alkali,  or 
by  the  action  of  30)t  hydrogen  peroxide  on  red  mercuric  oxide. 
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This  peroxlds  1b  one  of  the  moat,  decompoBable  of  the 

Inorganic  pei'oxldes  which  are  laolabla  In  the  solid  condition. 
It  explodes  when  rapidly  heated  or  on  shock.  At  ordinary 
temperatures  or  even  at  0°C  it  quickly  decompoBeB  into  red 
merourlc  oxide  and  oxygen.  In  water  it  vigorously  seta 
free  oxygen  and  forma  yellow  merourlc  oxide  while  some 
hydrogen  peiroxlde  Is  produced  in  the  solution.  Leen  well 
eatabllahed  la  the  reported  formation  of  a mercurous  peroxide, 
HggOg,  by  addition  of  concentrated  hydrogen  peroxide  to  mer- 
curoua  oxide  at  low  tenip<ir.ature. 

PEROXY  COMPOUNDS  OF  GROUPS  III  - VIII 
Yttrium  ajfd  the  Rare  Earths 

In  Group  III,  hydrous  peroxides  are  reported  for 
yttrium,  lanthanum,  cerium,  and  some  of  the  other  rare  earth 
metala.  Yttrium  peroxide  la  said  to  iiave  the  compoaitlon 
Yi^O^-nHjO.  Cerium  forma  red-brown  CeO^^gO,  a auggeated 
atruoture  of  which  has  been  represented  aa  (HO)^CeO  - OR. 
Titanium,  slroonium,  hafnium,  and  thorium  In  Gx^oup  IVa  form 
elmilar  eompounda,  that  of  tltanlxim  posaeaaing  a oharaoter- 
iBtlo  yellow  color,  the  others  being  white.  Tiiie  oompositionti 
of  the  peroxldea  of  the  other  rare  earth  elementa  have  not 
been  eatabllahed  beyond  question.  There  Is  found  for  lam- 
thanum,  neodymlua,  praseodymium,  and  aamarium  some  uncer- 
tainty between  the  general  formula,  Rj^O^^nKgO  and  Rg0^*nR20. 
By  heating  in  oxygen  under  high  preaaure,  praaeodymiiiui  oxide 
is  aaid  to  be  converted  into  the  dioxide,  PrO.,,  although 
under  ordinary  conditions  the  product  approximatea  the  oom- 
poeition 

Titanium.  Zlroonlum,  Hafnium  and  Thorium 

Thfi  moat  well-dof Ined  peroxide  type  of  metala  In 
Group  IVa  la  the  hydrated  trloxlde.  MO^-EKgO,  (62),  which, 
aa  atated,  is  common  to  ail  membere  of  this  eub-group.  The 
Intenaft  yellow  to  orange-red  color  resulting  from  the  addi- 
tion of  hydroren  peroxide  to  titanium  aolutione  In  the  pres- 
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ence  ol*  dilute  sulfuric  acid  is  a familiar  useful  qualitative 
test  for  hydrogen  peroxide.  Schwara  and  GHeso  (63)  believe 
these  peroxides  correspond  to  a formulation  slffillar  to  the 
oerlo  compound,  M^'*'(OH)^(OOH) . The  titanium  derivative, 
soluble  in  potassium  hydroxide  in  the  presence  of  hydrogen 
peroxide,  forms  such  products  as  K^T10g‘6H20,  a salt  of  the 
ortho-acid  In  acid  solution,  the  Intense  yellow 

color  produced  by  addition  of  hydrogen  peroxide  to  a titanium 
solution  la  considered  (64)  to  be  due  to  the  peroxldlzod  tltanyl 
Ion  I^TlOg.xHgO^  , which  Is  related  to  the\  peroxy  anion  present 
alkaline  solution  through  the  equilibrium; 

"V  3Hj02  . [tKOj)  J-  + 6Ht  (16) 

. It  has  been  possible  also  to  prepare  a;;  sepM'ft^^®^  ^ 3 
peroxytltiknatee  of  still  higher  oxygen  ocntent,  (woh  as 

(65)  arid  (NR^)2T10,;*E20  (16).  the  gthdium  oompound 
has  also  been  represented  ae  TiO^'Ha^O^* 2H2O,  although  suoh 
formulas  give  little  information  oonoernlng  the  actual  moleoular 
structure  of  the  oompound  oonoerned.  Similarly,  Klroonlum  ylelfis 
peroxyell^oonates; . such  as  Kj^Zr0g*6H20  and  Kaj^Zr20^^>9H20;  but 
the  oorrespondlng  hafniiun  ealta  and  the  thorium  salte  are  not 
known.  The  hydrated  peroxides.  Hf0^>2H20  (66)  and  Th0^«2R20  (67), 
however>  have  been  prepared  from  hafnium  and  thorium  solutions, 
reepeotively. 

Vanadium.  Niobium  and  Tantalum 

In  oonformity  irith  the  ruin  that  the  stability  of  per- 
oxyaoids  of  elements  in  any  periodic  sub-group  increases  with 
inoreaslng  atomic  weight  of  the  elements  in  the  group,  it  la 
noted  that  in  Qroup  Va  the  stability  of  the  peroxyaoids  increases 
from  vanadium  to  tantalum.  The  anhydroua  peroxidea  themselves, 
however,  do  not  appear  to  have  been  isolated  in  a pure  state. 
Arsenic,  antlrnony  and  bismuth.  In  the  b sub-group,  appear  not 
to  form  peroxides. 
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Eleuienta  3.n,  Group  Va  show  a generally  similar  behavior 
toward  hydrogen  peroxide  resembling  that  of  titanium  and  tlrcion- 
ium. 

A number  of  peroxy vanadates  have  been  prepared  by  the 
Interaction  of  hydrogen  peroxide  with  vanadate  eolutlona  In  aold 
or  alkaline  medium.  The  resulting  compounds  have  oolors  ranging 
from  yellow  to  red,  a fact  which  may  serve  as  the  basis  of  a, 
Bensitlve  test  for  hydrogen  peroxide.  Peroxyvanadlc  e.cld  itself 
has  not  been  isolated;  and  most  of  the  peroxy-oompounds  of 
vanadium  are  easily  decomposed.  When  hydrogen  peroxide  is  added 
to  a solution  of  a vanadyl  salt,  such  ae  [voj  ^ ^ (whleh 

is  formed  when  variadlum  pentoxlde  Is  dissolved  in  moderately 
concentrated  sulfuric  acldV,  a dark  red-brown  color  :ls  predaoed, 
due  to  a peroxyvanadyl  oompound,  auoh  as  j^V  >-0:  2 

Jfthr  (6U)  ftoncluded  that_Mhtn  pentavalsn^^^^  x*ikota  with 

hydrogen  peroxide,  two  peroxy  compounds  result,  which  in  solution 
enter  into  the  following  (^ulllbrla? 

'!  i . ^ - 

r~  -1  ^»f+  r -T+4+ 

[Vo.aqj  : + HjO.,  [vOg-eqJ  | U?) 

red 

rv(02)aq  + HjOg  + " + 6H-f  (18) 

red  yellor 


Orystalllne  peroxyvanadates  of  reasonably  definite 
composition  have  been  reported  by  rstiotions  of  or  an 

orthovanadate  with  alkaline  eoTutlons  of  hydrogen  peroxide,  in- 
eluding  Na^VOg  and  The  rate  of  hydrolysis  of 

vanadium  peroxide  wae  found  (68)  to  be  slow  relative  tc  that 
for  molybdenum  or  tungsten  peroxides. 


The  peroxynlobatee  are  somewhat  more  stable  than  the 
peroxyvanadates;  and  the  free  add,  T?>NbO  .ai;:,  monoperoxynloblc 
acid,  has  been  leolated  as  6^  pale  yellow  aolld.  Alkaline  solu- 
tlone  vOf  alkali  or  aLk,%llne- earth  niobates  rea.'t  with  hydrogen 
peroxide  to  form  a sariee  of  peroxynlobates,  such  ae  E^NbO^,  or 
Ki.Nb -0, , . onme  '.'f'  wh'-oh  are  l-.y-i  rs  led . others  anhydroufl. 

4 iii  ii  ^ 


The  peroxytaritalatee , such  ae  Na^TaOg*  and  K^TaOg, 

reBeiahle  the  oorreepondiag  nlobluai  uompounda,  and  the  solid 
hydrnus-free  add,  H ["trO^  ]aq,  Is  obtainable  from  a solution  of 
potassium  peroxytantalate  by  treatment  with  aulfurlo  acid.  It 
withstands  heating  to  100°  without  appreciable  decomposition. 


Ohrorolum.  Molybdenum.  Tungsten  and  Oranluiin 


In  Group  Via,  oliromlum  forms  a number  of  peroxy-oompounds , 
Including  the  blue  peroxide,  OrO^,  wliloh  la  soluble  In  ether  and 
forms  addition  compounds  with  organic  bases  (such  as  pyridine). 

Two  series  of  peroxy  salts  of  chromium  are  clearly  dietlng;|ilehable, 
the  blue  salts  of  the  type,  MCrO^,  such  as  KCrO^.HgO,  fora$d 
when  another  solution  of  CrO^  is  added  to  alkaline  alcoholio  H^Og, 
and  the  red  salts  of  the  type  M^OrOg  formed  by  a chromate  and 
and  alkaline  HgOg,  which  ai'^e  lsmorphpus  with  the  perpxyyana^tea. 


In  the  red  salts,  auoh  as  K^^CrOg,  Wilson  (5)  oonoluded 
that  the  structure  of  the  Cro|  anion  is  tetrahsdraX,  with  a bhro<^ 
mluk  atom  at  the  body  center  and  four  0 groups,  the  oentars  of 
which  are  located  at  the  apices  of  the  tetrahedron.  The  pdroxy- 
niobates  and  peroxytantalatei  also  possess  the  same  oryetal  struct- 
ure,, so  that  It  is  oonoelvable  that  the  oxidation  state  of  the 
ohromiuB  in  the  red  salts  Is  likewise  five.  The  blue  potassiun 
salt  la  diamagnetic,  and  to  avoid  an  odd  number  of  electrons  Its  _ 
Boleoule  is  ooneidered  to  be  dlserlo,  as  In 
with  hexavalent  chromium.  The  peroxide,  OrO^,  does  not  form 
salts  when  treated  with  alkalies;  instead,  the  oompound  deooupoaea. 

Its  stx^uoturo  la  believed  to  oontaln  two  Q,  groups,  as  in 

0"v-0r  , with  hexavalent  ohromlum  (6,3).  The  peroxide  group- 

Ing  OrO..  18  represented  by  Sidgwlok  (69)  *s  Or— ►0-^0,  ox- 

Or  ■ 0—^0,  In  preference  to  the  closed  ring,  Cr.T  j,  Beltrl'n 

A 


Nartlnex  and  Porter  (70)  have  proposed  the  formula  Oa^CrgO^^-lOHgO 
for  the  rpd  peroxyonromate  vr  caioiuiri. 


An  addltionsl  type  of  peroxy-compound,  brown  in  color, 
contains  the  gr(3uping  CrO^^,  as  In  CrC-j^ONH^  formed  by  addition 
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of  hydrogen  peroxide  'I'O  ainmonlacal  chi'omate  solutions,  at  0° 

and,  subsequent  warming  to  structure  Is  represented 

^0  >0 

as  (NH«)„0r  . Addition  of  potassium  cyanide  to  its 

3 "^0  >0 

aqueous  solution  yields  CrO^^- ;JKCN.  It  Is  not  known  definitely 
whether  chromium  is  hexavalent  or  t-.>fcravalent  In  these  compounds. 
Olaaner  (71)  haa  dlflcuaaed  the  formation  and  constitution  of 
the  peroxyohromatea. 

Unlike  chromium,;  molybdenum  forms  a peroxyaold. 
HgMoO^'l.SHgO,  when  MoO^  and  interact;  the  product  la 

a yellow  solid,  inaoluble  in  ether.  As  with  chromium,  however, 
several  seta  of  pe'roxy  salts  appear  to  exist,  euch  as  the 
yellow  peroxymolyladatea  (MgMoOg)  and  the  unatable  red.  salts 
(MgMoOg).  The  situation  la  rendered  complex  by  virtue  of  the 
f apt  that  polymolybdates  are  formed  in  strongly  sold  molybdate  . 
fbltltl^ne  And  these  in  turn  may  bBcoae  peroxidized  (72)  . 

: Tungsten  peroxyaclda  and  their  salts  are  more  stable 

than  those  of  chromium  or  raolybdenuni,  and  suffer  decomposition 
only  very  gradually  at.  ordinary  temperatures  (73)  • Oolorless 
compounds,  containing  the HWOg  ~ ion,  and  yellow  Bubatahoes, 
yielding  the  WOg  “ ibn,  are  known.  Judging  from  the  intensity  , 
of  the  yellow  color  produced.  Rurapf-Nordmann  (74)  concluded  that 
mar.imum  peroxysalt  formation  occurs  when  the  molar  ratio  of  hy- 
drogen peroxide  to  sodium  tungstate  is  2.0.  Polypcroxytungstatss 
are  also, known,  analogous  to  tho  polyperoxymolybdates.  Their 
structures  have  not  been  reported.  Jahr  and  Blaise  (75)  «wg- 
geeted  the  ^ixlatenoe  of  the  Ion  aq”j  ". 

Uranium  forms  the  yellow,  hydrated  peroxide, 
stable  below  100°;  aometimea  Incorrectly  referred  to  as  “peruranlc 
acid.*  Thl«  compound  has  been  shown  to  be  non-lonlted  and  there- 
fore may  not  properly  be  regarded  ns  the  parent  acid  of  the  peroxy- 
uranato  salts.  The  urnr^nro  peroxide  ic  enslly  formed  by  the 
slmultaneoue  addition  of  hydrogen  peroxide  and  base  to  a pH 
controlled  eoluticn  of  urnnyl  pulfntc  (7b).  Compounde  with  uni- 
valent metals  of  the  types  HJ^U0^,  M^UOg  and  H^UjO^g  have  been 
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reported.  The  tranauranlo  elements, , neptunium  and  plutonliim  (67) 
are  elrallnrly  credited  with  hydroua  peroxides,  TlpO^^. xH^O  and 
Pu0j^.xH2,0.  ConnlGk  and  MoVey  (77)  reported  the  existence  of 
two  poroxy  complexes  of  Pu  (IV),  one  brown,  the  other  red,, 

PoAslble  Btructures  were  nuggested  and  it  was  determined  that 
these  compounds  contained  more  than  1 plutonium  Ion  per  moleoule. 

Other  M(?tals 

Of  the  remaining  metals,  reports  of  various  peroxides 
are  not  lacking,  but  are  for  the  moat  part  not  too  convincing. 
J'hus,  a Qompound,  ^02^8’  O^Hs-p-O-ReO^ , or  a percxldlzsd 

Re„,0,,.  was  dsaerlbed  by  the  Noddaoks  (2<i)  aa  white  and  unstable 
in  the  presence  of  water;  but  cannot  be  oonaldered  as  definitely 
established.  Again,  although  Iren  lus  not  yielded  a pure  peroxide 
the  existence  of  such  a compound  aa  an  intermediate,  foraed  in 
oxidation  reactions  involving  hydrogen  peroxide  in  the  preeenoe 
of  ferric  ion,  la  not  vinliicely.  A rod  subetanoe',  auppCeed 
be  FeOjj,  is  reported  aa  formed  by  the  aotion  of  hydrogen  peroxide 
at  low  temperature  upon  hydroua  ferrlo  oxide  auapended  in  alcohol; 
and  more  highly  oxygenated  compounds,  luch  aa  PeO^  and  oven  FaO|^, 
have  been  claimed  by  different  invaatlgators. 

A hydroua  dioxide  of  cobalt;  ao02«xHp0,  has  been  said 
to  result  from  the  aotion  of  excess  ecdium  hypochlorite  upon 
dilute  oobaltouB  sulfate  eolutien  In  the  preaenoe  of  sodium 
sulfate.  The  analogous  green  niokel  compound,  Ni02«xR20,  is  said 
to  be  formed  from  precipitated  nlokeloue  hydroxide  by  meauie  of 
hydrogen  peroxlde;|  but  may  be  merely  an  addition  compound  of 
nlokeloue  hydroxide  and  hydrogen  peroxide.  Its  properties  differ 
from  those  of  anhydrous,  blaok  NIO^,  in  which  nickel  is  tetra- 
valent. 

Peroxides  of  Non-Metals 

Among  the  non-metale  a fev  unstable  and  lit  tie -known 
prtroxldea  are  to  be  found,  Including  NO^  (and  possibly 
for  uhlch  only  opijotroacopic  evidence  le  available;  SO^,  pre- 
pared, for  extvnplt!,  by  the  action  of  fluorine  upon  sulfuric 


aold  or  alkali,  sulfate  at  low  temperature b;  and  the  peroxides 
of  chlorine  and  Iodine,  such  as  CIO^^  (or  ClgOg) , resulting  from 
the  reaotlon  of  silver  perchlorate  and  iodine  in  ether  or 
benzene  eolutlon,  but  known  only  In  dilute  eolutlon.  Up  to  the 
present  tine  these  substancec  have  appeared  to  have  little 
practical  importance. 

PS210XY  ACIDS  AND  THEIR  SALTS 
Peroxydlsulfurlc  Add 

Peroxydl sulfuric  aold,  H2820g  (sometlBes  called  per- 
sulfuric  acid  or  Marshall's  aold),  is  a white,  orystallina  .solid, 
melting  with  decomposition  at  about  65*^.  It  is  manufactured  as 
an  intermediate  in  the  manufaoture  of  hydi*ogon  peroxide  by  one 
of  the  eleotroXytio  mothods.  In  this  process  it  is  used  in  solu- 
tion, and  is  not  isolated.  As  described  in  Chapter  3,  a solution 
of  sulfurio  aold  (approximately  Id  JD  is  eleotroXysed  with  platinum 
anodes  at  liigh  ourreut  ddasllles,  pasaing  in  eucoession  through  a 
series  of  cells  and  emerging  as  a solution  approximately  2.5  in 
peroxydl sulfurio  aold. 

Hydrolysis  of  the  warm  acid  solution  yields  hydrogen 

peroxide 

0 0 0 0 
II  It  HOT  • • • • 

H0-S-0-0-8-0H  ^ H-O-S-OOH  HO-S-OH 

• s 

0 (19) 

H 

s # 
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with  intermediate  formation  of  peroxynDnosuIfurlo  (Caro's)  aold, 
TI2SO3. 

The  structure  of  the  Sj,0a"  established  (79) 

by  x-ray  analyala  of  the  cealum  and  the  ammonium  salts,  a*  two 
tetrahedra  JolnnA  at;  the  jioint.e  In  an  0-0  linkage. 

Althcmph  eolutlone  of  peroxydlsulfurlc  aold  jiro  reason- 
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ably  stable  when  kept  cool,  they  are  rapidly  hydrolyzed  when 
boiled  In  the  presence  of  excess  sulfurlo  acid.  Becauea  of 
this  hydjrolytlo  tendency,  as  well  as  the  actively  oxidizing 
character  of  the  compound,  peroxydl sulfurlo  acid  is  difficult 
to  obtain  in  a very  pure  condition,  and  la  not  usually  isolated 
from  its  solutions.  Various  organic;  materials  are  attacked  by 
the  acid;  paraffin  is  charred,  and  mixture  with  some  organic 
solvents  may  even  lead  to  explosion. 

When  freshly  prepared,  solutions  of  the  acid  at.  room 
temperature  do  not  exhibit  the  oheraoterlstio  rsiaotions  of  hy~ 
drogen  peroxide  with  titanium  aoltitlon  or  permanganate,  and 
iodine  is  liberated  only  slowly  from  an  iodide  solution.  The 
powerfully  oxidizing  oharaoter  of  peroxydl sulfate  is  demonstrated, 
however,  by  the  eonversion  of  manganous  ion  into  permanganate 
(sAded^catalytioally  by  a trace  of  silver  Idh).  tlia  ohlef  pr&o- 
tioal  interest  in  peroxydisulfurlo  acid  tv  in  its  role  in  the 
manufacture  of  hydrogen  peroxide  by  the  eleotrolytie  p^oese, 
ae  above  indicated.  Bone  applioetion  has  been  made  of  peroxy- 
diaulfatea  in  certain  organio  oxidations. 

Balts  of  Peroxydl iuXfurie  Acid 

f 

Amoug  the  aalte  of  peroxydl  sulfurlo  aoid,  the  ammonium 
and  potassium  salts,  end  12820^,  are  of  oh^.ef  importance. 

They  are  crystalline,  white  solids.  The  potaesiun  sali.  is  ea- 
peoially  stable  in  ordinary  air;  the  ammonium  compound  alec  keep* 
veil  in  a dry  atmosphere,  but  Is  liable  to  cake  in  moist  air,  as 
it  \i!i  somewhat  hygroaooplo.  Ammonium  peroxydisulfate  is  much 
more  eclublo  th<an  the  potaesiun  salt — the  reepeotive  eolubllitiee 
st  0**  being  58  and  1.8  gm  per  100  g H2O — so  that  the  potaecium 
salt  iTiay  be  precipitated  by  addition  of  potaesiun  biculfate  solu- 
tion to  a solution  of  (NH^)282O0-  Aquacue  solutions  of  both 
salts  slowly  hydrolyze  at  room  temperature  yielding  hydrogen 
peroxide  and  otho”  products.  Thus, 
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(NH^>2S20g  + ZM^O 


> 2NH.HS0,,  + H,0» 

**  •»  t.  tL 


(20) 
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Other  peroxvf.iiif ate  salts  are  formed  hy  electrolytic 
oxidation  of  sulfateii  (80).  A solution  of  ammonium  poroxy- 
dlsulfate  Is  obtained  at  the  anode  when  an  ammonium  blRulfate 
solution  is  electrolyzed  with  platinum  anodes,  and  the  peroxy- 
dlsulfate  Is  crystallized  directly  from  the  solution,  washed 
and  dried.  The  handling  and  shipping  of  this  substance  and  of 
potaeslum  per cxydl sulfate  are  not  considered  to  be  attended  by 
fire  or  explosion  hazards,  and  wooden  or  flberboard  containers 
are  frequently  employed  (1?), 

Barium  peroxydl sulfate,  BaS^Og,  In  sharp  contrast 
with  the  sulfate,  Is  eolubla  in  water.  Among  the  ueen  of 
these  compounds  the  bleaching  of  fate  and  of  soap,  the  oxida- 
tion of  some  dyestuffs  and  the  promotion  of  certain  polyneriza-  ^ 
tlon  proonaeos,  especially  Iri  the  synthetic  rubber  industry, 
may  be  msntlonsd,* • 

In  the  preeenee  of  oi^talytis  traoes  of  'silver  , 

dcimoniun  peroxydloulfate  effects  various  oxidation  pfooesses, 

. 1 1 . ' 

fiuch  as  the  oxidation  of  ammonia  to  nitrogen: 

3(NH4)i29g0g  4-  8l?H^ e-  6(NHj^)2B0i^  4-  N2  (21) 

Thloauifates  are  oxidized  to  trl-  or  tetruthlonates,  and  metals 
llhe  copper  are  dloeolved,  formlnfr  CiMiretes. 

Potaeslum  peroxydlsulfate  (commonly  called  potaselum 
persulfate),  *g82®8»  many  reepeote  similar  to  the  oorro- 

spondlng  ammcnlun  salt.  It  is,  however,  much  less  eoluble  (a 
saturated  solution  at  0°C  contains  about  2%,  and  at  ZO^U  about 
5J(,  of  Bolld  KgS^jOg) ; and  it  is  likewlee  more  etable  in  contact 
with  the  air  than  the  (usmonlum  compound.  The  oosmerolal  prepara- 
tion of  the  salt  consists  of  adding  a solution  of  potassium  bi- 
sulfate to  the  solution  of  ammonlun  peroxydisxilfr  te  result iug 


* A useful  blhltofrraphy  of  the  various  ubbb  of  peroxysulfates 
has  been  prepared  by  the  Buffalo  Eleotro-Chemloal  Co,,  Inc.  (81). 
see  also  the  monograph  by  Price  (82). 
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from  the  oloctr'olyel e of  ammonium  blsulfate  solution;  the  precipi- 
tated potasslunB  poroxydleulfate  la  then  centrifuged  to  aepejats 
It  from  the  amneonliun  blsulfate  nother  liquid. 

Tbe  large  fit  use  of  potaaelum  peroxydl sulfate  le  aa  a 
polymerization  promoter  In  the  manufacture  of  artificial  rubber. 

It  has  been  applied  to  various  other  proceseee,  such  ae  the 
bleaching  of  fats  and  the  oxidation  of  dyestuffs  {!?).  A silver 
peroxydl sulfate  hae  also  been  reported  (83). 

Peroxymonoau3.frjrle  Acid 

Peroaiyinono sulfuric  acid,  Caro's  acid,  HgSO^  or 
H0-80^-0.,OH,  ‘<raB  seen  In  the  preceding  section  to  be  formed  Inter- 
mediately  between  peroxydlsulfurio  acid  and  the  ultimate  hydroly- 
sis produpts,  asulfurlc  acid  and  hydrogen  peroxide.  . Lihe  the  

parent  peroxydaaulfuric  acid,  this  substance  is  hardly  ever  pre- 
pared in  the  atate,  due  to  its  iiwtablllty  and  reactivity 
tovard  oxidiseiie  material.  When  obtained  in  the  acid  hydroly- 
sis of  peroxyd-iBulfates,  or  by  the  reaction  of  concentrated 
hydrogen  peroiizide  upon  sulfuric  acid,  it  la  fourid  to  be  a white 
eolld,  melting  sbvut  45°C.  It  le  differentiated  from  hydrogen 
peroxide  by  ne«sns  of  the  fact  that  its  addition  to  an  iodide 
eolution  cause  « an  Immediate  liberation  of  Iodine,  whereas  other 
types  of  perox^gen  compounds  react  only  rather  slowly.  Like 
poroxydlaulfur.do  acid,  but  unlike  hydrogen  peroxide,  Oaro's  acid 
does  not  react  with  potaeelum  permanganate.  Solutions  of  Oaro's 
acid  ilnd  the  1:^?  principal  application  in  various  organic  oxida- 
tion prooesees  , 

Other  Peroxy  A aids 

OthB  j-  peroxyaoids  and  their  salts  are  known,  which  re- 
sult from  the  action  of  hydrogen  peroxide  upon  the  appropriate 
anion  or  acid  anhydride  or  by  anodic  oxidation  prooesees.  Thuis 
peroxymonopho#  phorl c acid,  H^PO^,  (analogous  to  Caro's  acid) 

Is  formed  whotKcold,  concentrated  HgOg  Is  added  to  P2®' 
fiPCi,  ( 84) ! ^ 


188. 


2H,0„  ) I>  0^  < H^O  ->  (22) 

or  by  the  anodic  oxidation  of  aolutlona  of  orthophoaphorlc  acid. 
Lerlvativae  of  the  type  Wj^PgOg  are  also  known  analogous  to  the 
peroxydieulfates.  The  potaealum  salt  Is  obtainable  in  the 

« • ^ 4 m 

Among  other  elements  are  to  be  found  such  compounds 
as  the  peroxy  derivatives  of  the  oarbonates,  gernanatea^ and 
atannates. 

In  ft  manner  qtaite  analogous  to  that  employed  in  the 
preparation  of  peroxydl sulfates,  olectrolyala  of  concentrated 
potasalum  or  rubidium  carbonate  solution  at  -10®  yields  at 
the  anode  light-blue  peroxyoarbonatea,  or  RbgOgO^,  which 

presumably  have  the  structure j MOOC-0-0- COOM . The  interaction 
of  an  alkali  oarbonatc  solution  at  low  temperature  with  elementary 
fluorine  likewise  yields  the  peroxycompounla  (4?).  — 

Other  types  of  peroxyoarbonatea  have  been  reported, 
auoh  as  Na2C0^  izh),  whloh  la  formed  when  phosgene  reacts  with 
Na202>  with  liberation  of  oxygen.  Action  of  carbon  dioxide  on 
sodium  peroxide,  or  on  an  alooholio  solution  of  NaOOH,  is  re- 
ported to  yield  another  peroxydlcarbonate,  ^02^2^6'  ^s°vierlo 
with  the  product  of  an  eleotrolytio  method  of  preparation;  as 
well  as  a possible  peroxybloarbonate , NaHCO^,  whloh  presumably 
would  be  represented  ae 

NaO^ 

'C  = 0. 

RO-0'^ 

The  struotures  of  these  subetances  have  not  been  definitely 
eetabllshed;  but  seem  iBasonably  to  be  ae  Indicated, 

Pei’oxyaclde  of  other  Q-roup  IV  elements  Include  those 
of  titanium,  germanium  and  tin  Peroxytltarilc  acid  is  written 
either  as  (HO)^Tl-OOH,  or  more  commonly  ae  the  hydrated  perox- 
ide, TlO^'^HpO;  the  deep  yellow  color  of  which  results  from  the 
reaction  of  hydrogen  peroxide  on  a eolutlon  cf  a tltanluo  com- 
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pound,  and  Is  ufted  familiarly  as  qualitative  test  for  hydrogen 
peroxide. 

Precipitated  hydrous  stannic  oxide  forme  with  con- 
centrc.ted  hydrogen  peroxide  a product  considered  to  be  peroxy- 
dlstannlc  acid,  H28n20^;  analogously  the  compound 
peroxydlgsrmanloi  acid,  Is  said  to  result,  from  the  reaction  of 
hydrogen  peroxide  with  a solution  of  a me  t age  manat  e.  Oroup  Va 
elements  including  vanadium,  niobium  and  tantalum  are  not 
credited  with  peroxides,  but  In  solution  form  with  hydrogen 
peroxide  peroxy  janlona.  The  deep  yellow  of  an  acidified 
vanadate  solution  In  the  preeenoe  of  hydrogen  peroxide,  which  Is 
employed,  like  the  corresponding  titanium  reaiitlon,  for  the  de- 
tection of  hydrogen  peroxide,  is  due  to  such  a oaxiae.  The  per- 
oxynlobate  and  peroxytantalate  of  potassium,  K^NbOg  and  E^TaOg, 
resemble  the  red  pefoxyohromate,  K^OrOg,^  formed  from  a illghtly 
alkaline  ohromate  aolutlon  by  addition  of  hydrogen  peroxide  in 
the  cold. 

One  of  the  moet  widely  used  qualitative  teste  for  hy- 
drogen peroxide  is  based  upon  the  foraatlon  of  the  deep  blue 
peroxyohromlc  acid  when  hydrogen  peroxide  is  added  to  an  aoldi- 
ficd  solution  of  a chromate.  The  acid  is  usually  written  ae 
HCrO,..  Less  well  known  are  the  corresponding  peroxy  compounds 
of  the  other  Oroup  Via  metals,  molybdenum  and  tungsten.  Peroxy- 
anione  of  these  elements  have  been  reported  by  reactions  similar 
to  those  eaiployeA  in  the  case  of  the  preceding  elements, 

A perbxynltrle  acid,  HNO^^,  fomed  when  anhydrous  H2O,, 
reacts  at  low  temperature  with  nitrogen  pentoxide,  was  reported 
by  d'Ane^  (65)  ini  19H|  but  inasmuch  as  the  substance  is  unstable 
even  at  low  temperature,  It  has  not  been  obtained  in  a pure  con- 
dition; neither  'have  stable  salts  been  isolated.  Other  re- 
ported methods  of  Synthesis  of  peroxynltrates , suoh  as  the 
action  of  otone  on  alkali  asides  (86)  or  of  fluorine  with 
dilute  Bodlum  nitrite  solutions,  are  of  questionable  character  (87). 

It  has  not  been  attempted  to  make  the  diBOusslon  of  in- 
organic peroxy  compounds  given  In  this  chapter  an  exhaustive  one. 
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For  further  details  the  revlewo  already  cited  as  well 

as  those  by  Neumark  (88)  and  Slater  (89)  and  the  book  by 
Maohu  (90)  should  be  ooneulted. 
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